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All you need to get started with PIC 
Industry standard/quality board 
Open the box and get coding 
Available with C compiler ог. 
use our PicScript to write programs using 
simple commands... 

NO ASSEMBLER, 

NO COMPILER, 

JUST WRITE AND RUN 











PicDev Board with PicScript 
£99.00 (plus p*p) 


This is a complete development suite 
for the novice or non programmer. 
Itis shipped with: 

e . PicDev Board 

PicShell and PicScript software 
Breakout board 
Cables 
Example scripts 
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Both items require 
. PC with serial port available 
, Power supply adapter 








To order: 


www.pagm.co.uk 





PicDev Board with C Compiler 
£1 65.00 (plus p*p) 


This is a complete development suite for 
the more advanced programmer. 

It is shipped with: 

e . PicDev Board 

PicShell and PicScript software 

C compiler 

Breakout board 

Cables 

Example scripts 

ICD1 






Tel: +44 (0)1792 891927 


sales@pagm.co.uk 
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This survival kit consists of a collapsible compass 1 various functions, 
a lighiweight but robust torchlight (batteries included) and a 9-piece 
stainless steel pair of pliers with 14 functions. 


The choice is yours! 
Fill out the Subscription 
Order Form in this maga- 
zine or on our website 
and post it today! 


Your welcome gift will be 
sent to you as soon as 
possible after receipt of 
your subscription pay- 
ment. 





The Volume 2003 CD-ROM is 
automatically sent to you when 
published (February 2004) 








Elektor Electro 
You receive eH issues (includes July/August double issue) р! C Volum 03 
CD-R is CD-ROM contains the complete Volume 2003 of Elektor Electronics, including 
diagre 15 and an extensive search function 

The normal price is £16.25 (plus P&P). However on choosing Subscription Plus the Volume 2003 
CD- КОМ is included i in Пе price, and you до not pay postage. 


onics Subscription-PLUS priced at 
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You receive 11 issues (includes July/August double issue). 





A standard annual subscription costs £39.50 in the United Kingdom; ECONOMY MAIL: £51.30 
in the rest of the world; PRIORITY AIRMAIL: £52.30 in Europe and Eire, £64.00 in the Middle 
East, Africa, Southwest Asia, Central & South America, £66.00 in Australia, Far East & Pacific 


Territories; AIRFREIGHT: USS88.00 in USA & Canada only. 
Subscription-PLUS prices may be found on the reverse of the Subscription Order form, and on 
our website. 
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Climate Logger 


This electronic alternative to mechanical temperature and humidity 
recorders is a very compact standalone unit which draws very little 
current. The Dallas DS1616 device used comes already equipped with 
a temperature sensor, and besides a humidity sensor we can add a 
range of other sensing devices. The collected data can be transferred 
toaPC or 
notebook over an 
RS-232 port for 
analysis by user- 
friendly Windows 
software. The 
system can also be 
connected to a 
microcontroller 
board. 








FMS Flight Simulator Encoder 

With the FMS R/C Flight Encoder described here you can 
polish your flying skills and gain the valuable experience you 
need without having to invest in a radio control or even to 
build a model airplane. In fact the FMS 
encoder will even allow you to use your 
. own radio control to further enhance 
your flying ability. 
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LED Roulette 


Everybody gambles sometimes, 









perhaps in a lottery or even in a 
casino. After all, who doesn't 
dream of becoming rich 
without having to work hard? 
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46  Burglar Alarm 

50 Relaxation Machine 
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60  64-K 80C552 Flash Board 


64-K 80C552 Flash Board 


This microcontroller board is a standard 805 | -based 

system, with a few extras that make it suitable for use ? t 

as a development system or control module for a larger 
system. Its most 
important features in this 
regard are on-board 
Flash memory 
programming via the 72 Analogue Filter Design 
serial R$232 port, direct 

on-board program 

debugging and low cost. 
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Sense resistors in series with the load are central 
to regulating current in switch-mode power 75 Readers Services 


74 Corrections & Updates 


supplies. It is possible to optimise the power loss in these 
resistors, as we show with an example converter circuit that 
drives eight white LEDs from a 4.8 V battery. 
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Fiexit 


AVR Modular Development System 






* Based on the Atmel AVR controller 
* Flexible and powerful c 
* Simple to configure 
* Very compact 






1mers/Counters, RIC, etc. 











E л j 

Y, 2) e Large Memory Capacity: 
ДТ П Flash, SRAM, DRAM. 
р Ё eSupports:- 
Mong & Colour LCD's, 
ouch Panels & Keypads, 
Very Low Power. 
5 Нэн web site 3 
Check out Flexit at www.ennovi.co.uk 
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Ape eMe Use interface 


1: "m SI 'C' compiler, assembler. 
\& ШИ! er all Windows32 based: 


Source Level Debug: 





SERVICING YOUR COMPLETE PROTOTYPE NEEDS 







(0 Prototypes at a fraction of the cost © Industry standard quality 

IO Tooling and setup included © Follow up series runs } Drjyer Support with 
4! 1) 

(0 Any contour © CAM | CAD consulting y ibraries. 





© Fr4 1.8mm, 35um Cu 


ааа 
Ў 1 EUROCARD этти 








(а free run time licence. 





\ Ё ша. ReAl Time Multitasking OS with 


Unlimited email support, 





+ Tooling 
+ Photoplots X 4 
=£ 29.89" 


“Staring ratos may vary Price 


www.cms.uk.com 


see our web site for full details 


Simply send your files ond order ONLINE: 


WWW.PCB-POOL.COM 


шайт BG) 8 orcad Gronia zumm 4*9 Rg 


CAMBRIDGE MICROPROCESSOR SYSTEMS LTD 
Unit 17-18 Zone 'D' Chelmsford Rd. Ind. E 


М Great Dunmow, Essex CM6 1XG 
Telephone: 01371 875644 


email: sales@cms.uk.com 
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High performance Windows based PCB Design Capture, 
Simulation and Layout software at prices you'd expect 
from your local computer store! 

















NEW! in Easy-PC 7 Stop press... by customer demand, now 
* Library Databook with Tsien Boardmaker 2 design import... 
e Step and repeat plotting 
Байг * Swap Connection Mode 
| e Dimensioning 

| * Copy to Metafile 

plus much more...... Test drive Easy-PC and Easy-Spice for yourself and be prepared to 
=i a... CS be amazed at the super value... 


Number One Systems delivers true 32 bit Windows software 
applications including features that a few short years ago would 
only have been available in software tools priced in the thousands! 










Call for a brochure, price list and demo CD 
on +44 (0)1684 773662 or email sales@numberone.com 





| 18 паа з The second Toolbox CD-ROM again contains a vost collection of carefully selected software 
T| Хо Е NETWORKS tools for the electronics enthusiast. 


In your profession or hobby, how often did you experience that your project failed to reach 
the target in time because essential information was missing? Toolbox 2 offers new inroads 
to obtain information you just can't do without. This new 

CD-ROM contains pieds tools for, and information about, microcontrollers. However, 
just being aware of the existence of a microcontroller is often not sufficient — available dato 
often needs fo be extended with facts and figures about the right memory devices and сот- 
munication channels. 

That's why this CD-ROM gives specific attention to technical documentation (specifications, 
application notes, standards) about protocols (DiSEqC — Digital Satellite Equipment 
Control), field buses (including LON and HART), as well as modern information carriers 
(Smart Media, CompactFlash, SD card, etc.) which find increasing use. 

The hardware side of things is not forgotten either — Toolbox 2 contains data on connec- 
tors, cables and adapters (audio/video, GSM, memory, networks, parallel, serial, key- 
board/mouse). 


The CD-ROM also contains a large number of useful Internet addresses. 


now using the Order Form in the Readers Services section in this issue 
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Add £2.00 P&P to ай UK orders. 1st Class Recorded - £4. 
Next day (insured £250) - £7. Europe - £5. Rest of World - £10. 
We accept all major credit/debit cards. Make cheques/PO's 
payable to Quasar Electronics Limited. 

Prices include 17.5% VAT. MAIL ORDER ONLY. 

Call now for our FREE CATALOGUE containing details of 
over 300 electronic kits, projects and modules. 








Quasar Electronics Limited 

PO Box 6935, Bishops Stortford, 
СМ23 АМР 

Tel: 0870 246 1826 Y 
Fax: 0870 460 1045 

E-mail: sales@quasarelectronics.com 





CREDIT CARD 
QUASAR Q8 7 11 “sates 
electronics 

Motor Drivers/Controllers Controllers & Loggers 


Here are just a few of our controller and 

driver modules for AC, DC, unipolar/bipolar 
stepper motors and servo motors. See 
website for full details. 








Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. Suitable PSU 
for all units: Order Code PSU203 £9.95 





DC Motor Speed Controller (5A/100V) 
Control the speed of almost any common DC 
motor rated up to 100V/5A. Pulse width 
modulation output for maximum motor torque 
at all speeds. Supply: 5-15VDC. Box sup- 
plied. Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £12.95 

Assembled Order Code: AS3067 - £19.95 


NEW! PC / Standalone Unipolar 

Stepper Motor Driver 

Drives any 5, 6 or 8-lead 

unipolar stepper motor 

rated up to 6 Amps max. 

Provides speed and direc- 

tion control. Operates in stand-alone or PC- 
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9V DC. РСВ: 80x50mm. 

Kit Order Code: 3179KT - £9.95 

Assembled Order Code: AS3179 - £16.95 


PC Controlled Dual Stepper Motor Driver 
ge Independently control 
© two unipolar stepper 
motors (each rated up to 
3 Amps max.) using PC 
parallel port and soft- 
ware interface provided. Four digital inputs 
available for monitoring external switches and 
other inputs. Software provides three run 
modes and will half-step, single-step or man- 
ual-step motors. Complete unit neatly housed 
in an extended D-shell case. All components, 
case, documentation and software are sup- 
plied (stepper motors are NOT provided). 
Dimensions (mm): 559/х701 х15Н. 
Kit Order Code: 3113KT - £15.95 
Assembled Order Code: AS3113 - £24.95 


NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper 

motor using externally sup- 

plied 5V levels for stepping 

and direction control. These 

usually come from software 

running on a computer. 

Supply: 8-30V DC. PCB: 75x85mm. 

Kit Order Code: 3158KT - £12.95 
Assembled Order Code: AS3158 - £26.95 








Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 











Rolling Code 4-Channel ИНЕ Remote 
State-of-the-Art. High security. 

4 channels. Momentary or 

latching relay output. Range 

up to 40m. Up to 15 Tx's can 

be leamt by one Rx (kit in- 


cludes one Tx but more avail- 

able separately). 4 indicator LED 's. Rx: PCB 
77x85mm, 12VDC/6mA (standby). Two and 
Ten channel versions also available. 

Kit Order Code: 3180KT - £41.95 
Assembled Order Code: AS3180 - £49.95 





Computer Temperature Data Logger 
4-channel temperature log- 
ger for serial port. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m* from board. Wide 
range of free software appli- 
cations for storing/using data. PCB just 
38x38mm. Powered by PC. Includes one 
DS1820 sensor and four header cables. 

Kit Order Code: 3145KT - £22.95 
Assembled Order Code: AS3145 - £29.95 
Additional D$1820 Sensors - £3.95 each 


NEW! DTMF Telephone Relav Switcher 
Call your phone number 

using a DTMF phone from 

anywhere in the world and 

remotely turn on/off any of 

the 4 relays as desired. 

User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 
130x110x30mm. Power: 12VDC. 

Kit Order Code: 3140KT - £39.95 
Assembled Order Code: AS3140 - £59.95 


Serial Isolated VO Module 
PC controlled 8-Relay 
Board. 115/250V relay 
[outputs and 4 isolated 


sensing applications. 
Uses PC serial port for programming (using 
our new Windows interface or batch files). 
Once programmed unit can operate without 
PC. Includes plastic case 130x100x30mm. 
Power: 12VDC/500mA. 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS3108 - £64.95 





717 7168 


Infrared RC Relay Board 

Individually contro! 12 on- 

board relays with included 

infrared remote control unit. 

Toggle or momentary. 15m* 

range. 112x122mm. Supply: 12VDC/0.5A 
Kit Order Code: 3142KT - £41.95 
Assembled Order Code: AS3142 - £59.95 





PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Accessories: 
40-рїт Wide ZIF socket (ZIFA0W) £15.00 
18V DC Power supply (PSU201) £5.95 
Leads: Parallel (LEAD108) £4.95 / Serial 
(LEAD76) £4.95 / USB (LEADUAA) £4.95 


NEW! USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 

*Flash' devices. No external 

power supply making it truly 

portable. Supplied complete with 

40-pin wide-slot ZIF socket, box 

and Windows Software. 

Kit Order Code: 3128KT - £49.95 
Assembled Order Code: AS3128 - £54.95 


Enhanced "PICALL" ISP PIC Programmer 
Will program virtually ALL 8 
to 40 pin PICs plus a range 
of ATMEL AVR, SCENIX 
SX and EEPROM 24C de- 
vices. Also supports In Sys- 
tem Programming (ISP) for PIC and ATMEL 
AVRs. Free software. Blank chip auto detect 
for super fast bulk programming. Requires a 
40-pin wide ZIF socket (not included). 

Kit Order Code: 3144KT - £54.95 
Assembled Order Code: AS3144 - £59.95 


ATMEL 89xxxx Programmer 

Uses serial port and any 

standard terminal comms 

program. 4 LED's display 

the status. ZIF sockets 

not included. Supply: 16-18VDC. 

Kit Order Code: 3123KT - £29.95 
Assembled Order Code: AS3123 - £34.95 


NEW! USB & Serial Port PIC Programmer 
USB/Serial connection. Ideal for 
field use. Header cable for ICSP. 
Free Windows software. See 
website for PICs supported. ZIF 

== socket not incl. Supply: 18VDC. 

Kit Order Code: 3149KT - £29.95 

Assembled Order Code: AS3149 - £44.95 





www.quasarelectronics.com 


Secure Online Ordering Facilities 





Full Product Listing, Descriptions & Photos 






Kit Documentation & Software Downloads 
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ДЫ most cost effective solution to PIC programming and development - Ever!! 


New Improved 
ET PIC BASI С 


° ReWritten from the ground up 





















. Windows™ ‘Integrated Development Environment 9! 


e Best Value For Money e Integrated serial bootloader software 
i » | 
M rfi i program without a programmer! 
2 Моз poveri ee eee » Support for 12/14/18bit series devices 
» Windows? 98,ME,2000,NT & XP e Handles 32bit signed and unsigned variables у 
compliant MUST z (numbers up to + 2147483647) 
• Specific commands for on-chip peripherals 


esRealslimersyntex checking e Comprehensive command set 


* Integrated PIC Programmer driver - Tighter code generation than MBASIC 9 
* Program with опе keystroke - More functionality than MELABS PICBASIC Pro ! 

* View BASIC and the resulting Assembly - More flexible than all BASIC Stamps 

e Supplied with book "LET PIC BASIC Integrates directly into Proteus VSM - allows you to 


build a virtual circuit and see your BASIC code run 
in real-time - see www.labcenter.co,uk 
e Easy macro Integration 
(includes Floating pointmath example) 
e Aimed at graduates, and professionals, all code 
produced is LICENCE FREE 


x A THE WORLD r Free Evaluation copy from: 
SMART CARDS i» DUM ога 


Unleashed" Бу Les Johnson 
Free Evaluation copy from: 
www.picbasic.org 














1353, 749990 Fax: +44 (0) 1353 749997 
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PIC BASIC Smart Card Development system D» = 
nother First from Crownhill, access the world of SMART 1| ГҮЯ It BASIC I In 

Aes using PIC BASIC. This versatile development. i P n er el 
stem provides a platform for the development of 1 НЕТ Devel Sy 


applications using SMART memory cards and SECURE memory 

cards. Detailed documentation describes all aspects of 

development using the sample cards supplied, source code he MORS First PIC BASIC InterNet WYSLE 

and circuit diagrams are included. | system allowing PIC BASIC projects to 

S BONA сога анин эн пагани sad rcu | | communicate across the WORLD via the InterNet. 
Development board includes RS232, Ethernet Interface 

and dedicated controller, LCD, 


* Integrated Boot Loader - No programmer required 
Prototype area, Power supply and full documentation. 





* Sample cards, Documentation 
» Fully commented LICENSE FREE Source code 


















ilburton, Cambs, Cb6 3PZ, UK Te 






Visit WWW. picbasic. org for 
comprehensive details of these and 
ether PIC BASIC products, including. 


ready assembled. PCB, PlCmicro, LCD 
display, Circuit, LICENSE FREE commented ш 


source code 


2: serial LCD display, supplied as a kit or 


Бйтагав of Www. те co.uk Infra RED TX and Rx 
DEVELOPMENT boards, Proteus VSM development system, 
| incl Graphics LCD's Fully supported Бу”. with experiments and 
and Audio PICBASIC Plus source code 


ing dnd VATA IN 
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Success in his Pocket! 


Michael Birmingham, from Calday Grange Grammar School, Wirral, attained the top mark in this 
year’s AQAA Level Electronics examinations and so qualified for this year's top candidate award. 





This award is sponsored by 
European Electronique, one of 
the largest resellers of IT 
equipment in the UK, and con- 
sisted of a Hewlett Packard 
ТРАО Pocket PC. 

Michael, who completed his 
other A level courses with A 
grades in Maths, Further 
Maths, Physics and General 
Studies, is taking a gap year 
with the Smallpeice Trust. This 
will take him to Plymouth Uni- 
versity for a 3 month Engineer- 
ing course, followed by a 
month's language course in 
France before a 3-month work 
placement in Finland, probably 
with the Ericsson Company. 
When he completes his gap 
year, Michael will take up his 
place at Girton College, Cam- 
bridge to read Engineering. 


Michael is interested in com- 
puting, sports and socialising 
with friends. He says that he 
found the AQA Electronics 
course very interesting and 
especially enjoyed the practi- 
cal coursework. 

In honour of Michael's 
achievement, his school has 
been awarded a free one 
year's subscription to Elektor 
Electronics magazine. 


About AOA 


AOA is one of the three unitary 
awarding bodies within Eng- 
land. The GCE A Level in Elec- 
tronics is a two year course 
and is part of Curriculum 2000. 
It consists of two distinct parts 
— the AS Level, which is the 
first year of the two years and 
the second year A2 course 
which, together with the AS 
course, forms the complete A 
Level award. 

Students would normally study 
this course after completing 
their GCSE qualifications when 
they are 16 years old. 

The whole specification 
assumes a systems approach 
to Electronics and that the 
candidates will undertake sig- 
nificant practical work. 

The AS Level course is split 
into two modules which cover 
the basic building blocks used 





in Electronics; logic gates and 
systems, amplifiers, input sen- 
sors, output devices, output 
drivers, astable and mono- 
stable circuits, counters etc. 

The AS Level assessment con- 
sists of two written examina- 
tions each lasting one and a 
half hours together with an 
externally moderated course- 
work project worth 30% of the 
overall marks forthe award. 

The A2 course builds upon 
these basic building blocks 
and applies them to Electronic 
and Computer Control sys- 
tems for one module and Com- 
munication systems for the 
second. The A2 Level assess- 
ment has the same form as the 
AS assessment but is focussed 
on the subject content of the 
A2 specification. The specifi- 


cations for all of the AQA sub- 
jects can be found on the AQA 
web site www.aqa.org.uk 


European 
Electronique 


In order to promote the study 
of Electronics, European Elec- 
tronique, one of the largest 
resellers of IT equipment in the 
country, agreed to sponsor a 
prize for the candidate who 
gained the highest marks 
overall in the A Level award. 
This is the second year of the 
award, which each year, so far 
has consisted of a Palm top 
computer. 
The company web site is at 
www.euroele.com 

(047005-1) 





New Legislation Threatens Electrical / Electronics Firms 


The environmental support and 
advisory service, Envirowise, 
recently expressed serious con- 
cern over the apathy being 
shown by many UK electrical, 
electronics, telecommunica- 
tions and computer manufac- 
turers towards impending new 
EC legislation on waste electri- 
cal and electronics equipment 
and hazardous substances. 

Continuing failure by compa- 
nies to get to grips with the 
business actions needed to 
tackle the directives on WEEE 
(Waste Electrical and Elec- 
tronic Equipment) and ROHS 
(Restriction Of use of certain 
Hazardous Substances) has 
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serious implications for the 
whole industry and could jeop- 
ardise the UK's future position 
in the global marketplace. 
The DTI and DEFRA support 
an Envirowise campaign to 
alert the managing directors of 
UK electrical and electronics 
companies to the problem. The 
campaign is also being backed 
by leading UK companies, 
including British Telecom, 
Fujitsu and Sony, and the elec- 
trical / electronics industry 
trade association, Intellect. 
Already it is estimated that the 
future estimated costs of the 
EC legislation to the UK econ- 
omy could be as much as £455 


Elektor Electronics 


million a year for WEEE and 
some £200 million a year for 
ROHS legislation. This will 
lead to an average cost 
increase of 1 to 2% for many 
products and as much as 3 or 
4% for some larger or more 
complex products. Apathy 
could fuel even greater cost 
increases and render many UK 
companies uncompetitive. 
Some may even find that their 
products are banned from sale. 
Envirowise believe that much 
of the problem stems from the 
fact that companies have so 
far only thought of the legisla- 
tion as a simple environmental 
requirement that needn't be 


addressed until some ROHS 
substances are banned in 
2006. The reality is that the 
legislation requires serious for- 
ward planning and financial, 
marketing and design deci- 
sions, and isn't something that 
managing directors can delay 
or simply gloss over. 
Envirowise is supporting the 
campaign via its website 
(www.envirowise.gov.uk), with 
advice through the Environ- 
ment and Energy Helpline 
(telephone 0800 585794) and 
through its FastTrack and 
DesignTrack visiting services. 
(047007-1) 
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Climate Logger 


Recording temperature and humidity 


| Design by T. Poms http://chripo.icb.at/Rooney 


This electronic alternative to mechanical temperature and humidity 
recorders is a very compact standalone unit which draws very little 
current. The Dallas 051616 device used comes already equipped with a 
temperature sensor, and besides a humidity sensor we can add a range 
of other sensing devices. The collected data can be transferred to a PC 
| or notebook over ап RS-232 port for analysis by user-friendly Windows 

software. The system can also be connected to a microcontroller board. 
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The climate logger operates com- 
pletely autonomously while it is car- 
Tying out a ‘mission’ (measurement 
sequence), and can run on battery 
power for a long period in this mode. 
The device can, for example, be left 
in the refrigerator or in the wine cup- 
board to continuously record the 
temperature and humidity. The Win- 
dows-based software running on a 
PC is used not only after a mission to 
download and analyse the stored 
data, but also before a mission to 
configure the data logger. With the 
aid of the software, both the sample 
rate and the selection of which chan- 
nels are to be recorded can be con- 
figured. 

The version of the climate logger 
described here connects to the PC 
over a serial interface. The planned 
USB version previewed last month is 
still in development. 


DS1616 


‘Intelligent’ temperature sensors pro- 
duced by Dallas frequently appear in 
circuits in Elektor Electronics. There 
is a wide range of ICs offering a 
wide range of peripherals, so that 
the ideal device can easily be found 
to match the requirements of any 
particular application. A built-in 
memory comes in very handy for 
building a temperature logger. The 
DS1616 device used here is a partic- 
ularly well-equipped member of this 
series of temperature sensors. 

The internal block diagram of the 
DS1616 is shown in Figure 1. 
Besides the temperature sensor and 
the memory the most interesting fea- 
ture is certainly the analogue-to-dig- 
ital converter, which has a resolution 
of 8 bits. The converter is equipped 
with a 3-to-1 input multiplexer. It is 
possible to use the converter to 
accurately measure three external 
voltages in the range 0 V to 2 V, and 
to store them along with the internal 
temperature signal. 

The DS1616 also offers a real-time 
clock driven from a built-in oscillator 
(which requires a 32.768 kHz watch 
crystal). The clock is also used to 
drive a simple serial RS-232 interface 
to allow alarm times, sampling clock 
rates, timestamps and time delays to 
be retrieved from the device's mem- 
ory. It is also required for scanning 
the measurement channels and is 
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Figure |. Internal circuit of the 051616. 


needed for certain commands such 
as Clear Memory to be carried out. 

The DS1616's built-in temperature 
sensor determines the operating 
temperature range of the climate log- 
ger at —40 °C to +80 °C. The compo- 
nents used for the remainder of the 
circuit, including the humidity sens- 
ing circuitry, must also be specified 
for at least this temperature range, 
or the overall specifications of the cli- 
mate logger will be degraded (Fig- 
ure 2). 


Memory Map 


The DS1616 offers 2048 bytes of 
memory divided into pages of 32 
bytes each (Figure 3). The RTC and 
Control Registers and the User NV 
RAM areas can be written to. The 
use of the RTC and control registers 
in our climate logger application will 
be discussed further in the ‘Soft- 
ware’ section below. All the other 
locations can only be read. Each read 
command contains the start address 
from which reading is to begin, and 
data are then transmitted until the 
end of the page is reached. This 
means that each read command will 
cause a maximum of 32 bytes, plus a 
2-byte CRC generated in hardware 
by the DS1616, to be sent to the mas- 
ter device (a PC in this case). The 


CONTROL 
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AND DURATION 
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HISTOGRAM MEMORY 


DATALOG MEMORY 















SENSOR 








CRC (cyclic redundancy check) allows errors 
in transmission to be detected, so that the 
command can be repeated if necessary. 

The RAM is non-volatile (NV), which 
means that the memory contents are pre- 
served even when power is lost. This RAM is 
used to store important parameters when the 
master software is exited: these values can 
then be reloaded by the software when it is 
restarted at a later date. The following para- 
meters are stored by the current version of 
the software: 











Figure 2. Block diagram of the Climate Logger. 
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~The measurement channels selected for the 
most recently initiated sequence of mea- 
surements 

— Sample rate 

— Performance-related parameters 


The detailed circuit diagram for the climate 
logger is shown in Figure 4. The serial inter- 
face of the 051616 requires a 5 V supply, but 
only, of course, when there is actually any 
communication occurring. This supply is 
generated using a 781.05 voltage regulator 
which takes its input voltage from the PC's 
COM port. 

The two LEDs provide an indication of the 
status of the DS1616. The pushbutton con- 
nected across JP1 must be pressed for at 
least 0.5 s to request status information. 
Before a sequence of measurements (or ‘mis- 
sion’) has been initiated, the red LED (OUT- 
SPEC, D2) and the green LED (INSPEC, D3) 
will flash together four times. If a mission has 
been initiated, but the first measurement has 
yet to be taken, the LEDs will flash four times 
alternately, starting with the red LED. A 
sequence of measurements can be initiated 
either from the PC, or, in standalone opera- 
tion, by pressing the pushbutton. See also the 
software description below and the guide to 
operation at the end of this article. 

The software allows threshold values to be 
defined. If a measured analogue value (an 
external voltage or a reading from the tem- 
perature sensor) is above (or below) the 
threshold value, a bit is set in the Status 1 
register. When this happens, the red LED (D2) 
flashes four times. If the user-defined thresh- 
olds are not crossed, the green LED (D3) will 
flash four times. 

An interface is also provided to allow the 
data logger to be used in conjunction with a 
microcontroller board instead of with a PC. In 
contrast to the asynchronous communication 
used with the PC, here we use synchronous 
communication with the signals SCLK, IO 
and RST. To switch the device from asynchro- 
nous mode to synchronous mode, pin 6 
(COMSEL) should be tied to Усс (+5 V). 





Humidity Sensor 


The HS1101 capacitive humidity sensor mea- 
sures relative atmospheric humidity. The 
capacitance of the sensor, which changes in 
proportion to humidity, is first converted into 
a pulse-width modulated signal A fair 
amount of electronics is required to turn this 
signal into a voltage suitable for the AIN2 
input of the DS1616. 

One half of a TS556 dual timer is con- 
nected as a free-running multivibrator, gen- 
erating a regular squarewave signal. The RC- 









































051616 MEMORY MAP 
[ Address Register definition Page(s) 
| | | 
0000H | КТС and Control Registers | 0-1 | 
| 003FH 
| оозон User NV RAM | 2 | 
005ЕН | 
0060H (Reserved for Future Extensions) 3-16* Ї 
0217H | | | 
Гоман | Serial Number | 16° | 
ОЛЕН | 
0220H Alarm Time Stamps and Durations 17-19 1 
02ТЕН | 
0280H | (Reserved for Future Extensions) 20-63 | 
О7ЕЕН 
[ O800H| Temperature Histogram (63 Bins of 2 Bytes Each) 61-67 | 
| 087FH | 
| 0880H | ADC Channel 1 Data Histogram (64 Bins of 2 Bytes Each) | 68-71 | 
|... OSFFH | | 
0900H | (Reserved for Future Extensions) | 72-127 | 
OFFFH | 
1000H Datalog Memory (64 pages) | n5 | 
| ПЕН! | | 
1800H (Reserved for Future Extensions) | 192+ | 
| and higher | | 
9 First 8 bytes. 
- Last 8 bytes. 


Figure 3. 051616 memory map. 


combination formed by R1, R2 and 
C1 sets the period at about 1 s. 
IC1.A triggers the second half of the 
timer, which operates as a mono- 
stable multivibrator, creating the 
pulse-width modulated waveform. 
At its output we have a lowpass fil- 
ter which finally turns the PWM sig- 
nal into an analogue DC voltage pro- 
portional to the atmospheric humid- 
ity. Depending on the characteristics 
ofthe sensor, this voltage varies from 
approximately 990 mV to 1190 mV. 
The signal must now be processed 
so that it lies in the range 0 V to 2 V, 
so that good accuracy can be 
obtained using the analogue inputs 
of the DS1616. According to its 
datasheet, the sensor capacitance 
only varies between 161 pF and 
200 pF, and the electrolytic capaci- 
tors used have a wide tolerance: this 
means that the circuit will require 
calibration. 

This facility is provided using 
instrumentation amplifier IC3, which 
amplifies the generated voltage by a 
factor of 10. Very high resistances 
are used here in order to keep cur- 
rent consumption low. The output 
signalis also passed through a high- 
value resistor before being taken to 
the analogue input of the DS1616. 

The voltage VCCgyy is gener- 
ated using an LM385-2.5. This pro- 


duces a fixed reference from the 
varying battery voltage, used to sup- 
ply the whole humidity measure- 
ment circuit as far as IC3. This 
ensures a good power supply rejec- 
tion ratio (PSRR) figure. 


A Compact Data Logger 


The climate logger is constructed on 
а single-sided printed circuit board 
(Figure 5). There are no wire links, 
and construction should not present 
any difficulties. The ICs should be fit- 
ted in sockets. Terminals аїе pro- 
vided for all the external connec- 
tions, including for the 9-way sub-D 
socket for the RS-232 interface, and 
for the two batteries BT1 and BT2. 
BT1, which powers the humidity 
measurement circuit, has to supply a 
considerably greater current than 
‘backup battery' BT2, which only 
supplies the 051616 when it is in 
autonomous mode. This means that 
ВТ1 should be made up from AA or 
C cells in series, whereas BT2 can 
just be a coin cell (see also the text 
box). BT2 also determines how long 
as the climate logger can retain its 
stored data and settings, while, BT1 
only determines for how long humid- 
ity measurements can be taken. 
The enclosure must not only 
house the printed circuit board, but 
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also the batteries and their holders, 
the pushbutton, and the RS-232 
socket. The humidity sensor should 
be soldered as close as possible to 
K1. It is not recommended to mount 
the sensor on the side of the enclo- 
sure, since this will involve a 
greater cable length. The enclosure 
should not be airtight so that 
atmospheric humidity is present at 
the humidity sensor. 


Calibration 

Two reference capacitors (or combi- 
nations of capacitors) of 161 pF and 
200 pF are required for alignment. 
The values should be checked 
directly by measurement. First con- 
nect the 161 pF capacitor to K1, and 
measure the voltage at the output of 
the lowpass filter using a high- 


impedance multimeter. The offset 
voltage (the voltage between the 
input of preset P1 and ground) 
should have the same value. The 
voltage at the output of IC3 should 
be between 2 mV and 7 mV. The 
voltage cannot be set to exactly zero, 
since we cannot do anything about 
the offset voltage of the operational 
amplifier. Now connect the second 
capacitor to K1 and once more mea- 
sure the voltage at the output of the 
lowpass filter. The value should be 
about 200 mV higher than the previ- 
ous reading with the smaller capaci- 
tor. Since we have a voltage varia- 
tion of about 200 mV over the humid- 
ity range, and a voltage range of 0 V 
to 2 V is required, the amplifier cir- 
cuit is configured for a non-inverting 
gain of 10. Preset P2 at the non- 
inverting input allows the gain to be 











trimmed. When 2.00 V is measured at the out- 
put of the operational amplifier, calibration 
has been successfully completed. 


Software 


The software runs under Windows 2000 and 
Windows XP; versions for Windows 95 or 98 
are not currently available but may be devel- 
oped later (watch the author's website). The 
main window allows control over the main 
settings and shows real-time measurement 
results (Figure 6). The measurement chan- 
nels (temperature, ADC1, humidity/ADC2 
and ADC3) can be individually enabled and 
disabled. When the DS1616 is not 'on a mis- 
sion’, the temperature and humidity values 
аге measured once per second (assuming the 
corresponding measurement channels are 
enabled) and the results displayed. This fea- 
ture is implemented using a timer whose 
default period is one second. However, this 









































Figure 4. Circuit diagram of the Climate Logger. 
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timer requires CPU power to operate, which 
can have an impact on performance in older 
computers. For this reason the timer period 
can be set as desired under Settings/Perfor- 
mance. The new value is stored in RAM so 
that the timer period does not need to be 
entered every time the software is started up. 

When the DS1616 begins a mission, only 
the active channels are sampled and 
recorded. The data logging memory of the 
DS1616 has a capacity of 2048 bytes. The 
more channels are enabled, the shorter the 
maximum recording time available. If just one 
channel is enabled, up to 2048 values can be 
recorded; with two channels enabled the 
maximum is 1024. If four channels are 
enabled, then the maximum is 512. 

The main window displays only the two 
most important values: humidity (ADC2) and 
temperature. The remaining values can be 
shown by selecting ADC Channels/Show 
Channels. 


Sample Rate 

'Sample rate' specifies the time interval in min- 
utes between measurements. The registers of 
the DS1616 are eight bits wide, and so the 
maximum value that can be set is 255 minutes. 
For the RTC to work correctly, and so that a 
series of measurements can be initiated, the 
sample rate must be set to a value greater than 
or equal to one. When the battery is changed 
the sample rate is reset to zero; if the RTC is set 
but the sample rate not set to a value of at least 
one, the RTC will not operate properly. 


Start Mission 
This button initiates a sequence of mea- 





COMPONENTS LIST 


Resistors: 
81,87,814,815,818 = 10kQ 
R2,R21 = 100kQ 

R3 = 47kQ. 





86,811,813 = 10МО. 

RB = 470kQ 

R9RI2 = IMQ 

RIO = 150 КО 

КІ6,КІ7,А19,820 = 1kQ 

РІ = 25060 preset (vertical 
mounting) 

P2 = 2МО preset (vertical mounting) 





Capacitors: 

СІ,С2,С3 = see text 
С4,С5,С8,С10,С11 = 100nF 
C6 = 22uF 16V radial 

C7 = 330nF 

C9 = 10ДЕ 16V radial 





Semiconductors: 

DI = LM385-2.5 

D2= LED, red, 3mm, low-current 
D3 = LED green, 3mm, low-current 
D4,D5 = IN4148 





surements. The enabled channels 
and the sample rate should already 
have been set: incorrect settings 
will case a pop-up to appear. Real- 
time values of temperature and 
humidity will no longer be updated 
once per second, but rather at the 
preset sample rate. 





030076-1 
[(c) ELEXTOR. 


TI,T2 = ВС547 

ICI = 75556 

IC2 = 78105 

IC3 = МСР6041-/Р (Microchip) 
(Farnell # 396-8790) 

IC4 = 051616 


Miscellaneous: 

JPI = pushbutton, | make contact 

KI = 3-way pinheader 

Humidity sensor type HS1101 
(www.humirel.com), available from 
Unitronic (www.unitronic.de) 

K2-K6 = 4-way pinheader 

BTI = ЗУ Lithium cell 

ХІ = 32.768 kHz quartz crystal 

BT2 = 2 UM-5 (АМ-5) or AA 
batteries (depending on available 
enclosure) 

9-way sub-D socket (female), angled 
pins, chassis mount 

ABS enclosure with battery 
compartment (OKW size # 3 for AA 
cells, e.g. RS Components # 583- 
218) 

PCB, order code 030076-1 (see 
Readers Service page) 

Disk, Windows software, order code 
030076-11 or Free Download 








Serial Number 

Each DS1616 is factory-programmed 
with a unique serial number. When 
а save command is issued, this num- 
ber is stored along with the mea- 
sured data, so that the particular 
module that produced the data can 
be identified. 
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Temperature Thresholds 

These threshold values set the tem- 
perature limits above or below 
which the alarm flag in the Status 1 
register will be set, which in turn 
pulis the interrupt output INF low. 
This latter signal is available on K2 
and K3 and can be used, for exam- 
ple, to trigger an acoustic warning 
signal. The 'Clear' button must be 
pressed to reset the alarm flag. 
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Temperature 
and Other Graphs 


This window provides information 
about the measured temperature val- 
ues (Figure 7). Sample 1 corre- 
sponds to the time given under Mis- 
sion started @. This allows the date 
and time of each stored sample to be 
determined. In order not to waste 
CPU time needlessly, an automatic 
update feature is not provided. The 
graph can be updated by re-opening 


Calculating the battery life 


The type CRI620 backup battery (3 М, 60 mAh) supplies only the 051616 and its 
internal temperature sensor. The humidity measurement circuit consumes rather 
more current and so is supplied from two AA cells to give a reasonable battery 
life. The life of the coin cell depends on the selected sample rate; in order to cal- 
culate the battery life, its capacity must simply be divided by the average current 
consumption of the circuit (1,,,) Бог example, with a sample period of 60 s we 
have: 


Battery life=battery capacity / lavg 
where the average current is given by 

lavg = Ссс (Т-ч 4о50 /T 
where tyc is the duration of one measurement (150 ms), irc is the current 
drawn while carrying out a temperature measurement (0.5 mA), iosc is the qui- 


escent current consumption (450 nA), and T is the sample period (60 s). 


The calculated battery life is approximately four years. 
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the window or by pressing the Update but- 
ton. 

Auto Scaling gives an overview of the 
series of temperature readings. The graph 
limits are no longer set at —40 °С and +80 °С, 
but are set to the lowest and highest tem- 
perature values stored in the data memory. 
The Save command stores the measured val- 
ues on the local hard disk, with a user- 
selected path. 

The Humidity, ADC1 and ADC3 plots are 
identical in terms of function and appearance. 
In future versions of the software the two 
spare channels will also be used. 


Other Windows 


The ADC Channels window can be called up 
under ADC Channels/Show ADC Channels in 
the main menu. It provides up-to-date read- 
ings from the analogue channels. Disabled 
inputs are displayed in grey, as shown on the 
right in Figure 8. Threshold values can also 
be set for the analogue inputs: these operate 
inthe same way as the temperature thresh- 
olds. 

The Alarm Settings window (Figure 9) 
includes the various settings relating to the 
RTC (real-time clock). 

The RTC can be set to the PC's system 
time using Set. The remaining settings can be 
used, for example, to implement a time 
switch function. An interrupt on INF is gen- 
erated when the RTC value agrees with the 
preset alarm time. RTC and alarm settings 
can only be changed while the DS1616 is not 
busy taking a sequence of readings. 

Under Settings/Performance is a facility for 
setting to any desired value the timer period. 
which governs the regular reading of data 
from all the sensors and analogue inputs. The 
greater this value, the greater the interval 
between samples, and the correspondingly 
smaller the amount of CPU time consumed by 
the software. An optimum value for the timer 
period can be found using the System Moni- 
tor (a Win XP utility) to accurately measure 
the CPU load and performance. PCs and lap- 
tops that have plenty of memory and proces- 
sor power should have no problem with a 
timer interval of one second. The functions of 
the System Monitor are described in more 
detail in the help. 


Operation 


The climate logger is connected to a free ser- 
ial port on the PC or notebook using an ordi- 
nary serial cable (straight-through, not a null- 
modem cable). The first time the logger soft- 
ware is run the selected COM port must be 
specified; this setting is stored and need not 



































Figure 6. All the important parameters are 
shown in the main window. 


be entered again unless the logger is con- 
nected to a different COM port. 

When first powered up a new DS1616 has 
its RAM filled with OxFFs. When the climate 
logger is connected to the PC for the first 
time, the RTC time and a (sensible) sample 
rate must be set. This must also be done 
whenever the device's backup battery volt- 
age is interrupted (ie, when BT2 is 
changed). Until the sample rate is set, the PC 
will read a measured value every second, and 
the display will be updated every second. 

While the data logger is connected to the 
PC, the sample rate and other parameters 
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Figure 8. The three external analogue inputs 
are shown under ADC Channels. 
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Figure 9. Using the alarm settings the Climate 
Logger can be used as a time switch. 















































Figure 7. The series of measured values (temperature, humidity, or either of the 
two spare inputs) can be displayed as a graph or as a table. 


can be set and adjusted as desired 
for the next mission. When the data 
logger is disconnected from the PC 
it retains these settings and oper- 
ates in standalone mode. The set- 
tings will only be lost if the backup 
battery supply to the DS1616 is 
interrupted. 

In the most recent version of the 
software available as we went to 
press (v1.23), a mission can also be 
initiated using the pushbutton con- 
nected across JP1. This is done as 
follows. First configure the sample 
tate, enabled channels and so on as 
described under ‘Software’ above. 
Then click on ‘Enable External Start’ 
and clear the memory contents: the 
‘Memory Cleared’ indicator will 
appear on the screen. The logger can 
now be disconnected from the PC 
and taken to the location where 
measurements are to be made. To 
initiate the mission, it is now simply 
necessary to press the pushbutton 
for at least 0.5 seconds; data record- 
ing will then begin. 

Measurements can also be initi- 
ated using the pushbutton while the 
logger is still connected to the PC. It 
is not necessary to shut down the 
program: it can remain running and 
will check whether a mission has 
been initiated. 


If any of the settings (enabled 
channels or sampling rate) is 
changed after ‘Enable External Start’ 
has been clicked, the ‘Enable Exter- 
nal Start’ feature is automatically 
reset. ‘Enable External Start’ should 
only therefore be clicked when all 
the needed settings have been con- 
figured, since it is at this point that 
the selected sample rate and chan- 
nel selections are transferred to the 
DS1616. If any settings are subse- 
quently changed on the PC, they will 
not be sent to the DS1616, and so the 
configuration of the logger will not 
match what is displayed on the 
screen. 





Free Downloads 


Windows software. File number: 
030076-1 I.zip. 


PCB layout in PDF format. File 
number: 030076-1.21р. 


www.elektor-electronics.co.uk/dl/ 
ант 
select month of publication. 
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Basen он THE MSC1210 Devetopment System 





^ ihe uui 
PRECISION MEASUREMENT, GENTRAI 


Etextor HARDWARE & SOFTWARE 





In the July/August 2003 issue we started a series of arti- 
cles based on the Texas Instruments MSC1210 microcon- 
troller. Thanks to this contemporary controller and its 24- 
bits A-D converter, the development system can be pro- 
grammed for lots of applications and measurement func- 
"| tions. Among these is a high-accuracy digital meter with 
77 no less than 5% digits and 8 analogue inputs. All you 


| have to do to build the instrument is add an LCD! 


Because the MSC1210 microcontroller comes in an SMD 
case with 0.5-mm (0.02 in.) pin spacing, soldering the 
4 device properly with DIY tools is almost impossible. That's 


We can offer the ready-manufactured, populated and why we are offering the development board as a ready- 
СОД ӨЛ eS UMPCS manufactured unit only. 


E mH 
BACK IN STOCK! 
и mm mm 





Gameboy 
Digital Sampling Oscilloscope 


EtexTor HARDWARE & SOFTWARE 


The GBDSO (Gameboy Digital Sampling Oscilloscope), 
published in Elektor Electronics October and November 
2000 is still in great demand. 


The GBDSO is а plug-in module that turns the popular 
Nintendo Gameboy Classic, Colour or Advanced into a 
versatile dual-channel oscilloscope. An optional link to a 
PC even allows measured oscillograms to be viewed or 
stored on the PC. The GBDSO comes as a ready-built and 
tested PCB and may be ordered via our website: 
www.elektor-electronics.co.uk 


The ready built GBDSO board costs £ 90.00 eria) Lag 
in 


? associated PC software and the magazine articles (publis 
TO eI een) tne October and November 2000 issues). 


the associated PC software and the magazine articles 





Order now оп www.elektor-electronics.co.uk 
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Resolution - 8bits 
Sample Rates - 
1,2,5,10,20 Ms/s models — 
£119 ex vat/pp 
(1 Ms/s model) 


Y Oscilloscope 

Y Spectrum Analyzer 
Y Voltmeter plus! 

v Transient Recorder 


v Parallel Port 
v Windows OS- all 


Resolution Menu — 12,14, or 16bits 


v Oscilloscope 

v Spectrum Analyzer 

v Voltmeter plus! 

Y Transient Recorder 

v Arbitrary Waveform Gen. 
v Two hi-z probes 1:1~1:10 
v USB 1.1 or 2.0 

Y Windows OS- all 


Sample Rates - 


£435 ex vat/pp 
5, 10,25,50 Ms/s models 


(5 Ms/s model) 


Tp Ltd. 28 Stephenson Road, Industrial Estate, St. Ives, Cambs. PE27 3WJ Tel: 01480 460028 Fax: 460340 
info@itp101.com www.itplül.com — www.tiepie.com 





8051, ARM7, TriCore, 
'C16x7ST10, MPC5xx/8xx 
МЕСВг›о ЫШ, Sc52008 


Hitex BigChip 8, 16 or 32-bit microcontroller ! 
modules are the easiest way to increase the 
performance of your embedded design By 
concentrating the CPU, 
E low-cost, high dë 


оту sub-system into a 





there's more time 





for getting your IO Hardware and application 













: software right first time. Their small size and 
di guaranteed low EMC will ga 0 y project int 
| — — greatshape fast. 
Hitex (UK) Ltd. CEN forall module 
Tel: 024 76692066 Paes 
Fax: 024 76692131 — 





Email:sales@hitex.co.uk 
Web: wwwhitex.co.uk/bigchip 


| 
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Allows users with no 
programming skills 
to design complex 

_ electronic systems 


Flowcode is a programming system 
for PiCmicro microcontrollers based 
‘on flowcharts. Flowcode includes 
macros to facilitate the control of 
complex devices like 7-segment 
and LCD displays. Flowcode allows. 
complete novices to design control 
systems without getting bogged 
down in the programming involved. 


Requires no programming experience 
Full on screen simulation 

Produces PICmicro hex code for a range. 
of 8, 18, 28, and до pin devices 

Full suite of demonstration tutorials 
Allows complex PiCmicro designs 

to be produced in minutes 


for full specification see: 


www.matrixmultimedia.co.uk 


ог contact us for a full colour brochure 


ШИ!!! 
шуш 
matrix 


MlesGmatrixmultimedia co.uk 
уо 700 183: fax: 0870 700 1832 








FRUSTRATED! 


Looking for ICs TRANSISTORs? 
A phone call to us could get a result. We 
offer an extensive range and with a world- 
wide database at our fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix (to name 
but a few). 















2N 2SA 2SB 28С 2SD 2P 28) 28К 3N 3SK 4N 6N 17 40 AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BER BFS BFT BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT ВТА BTB BRW BU BUK BUT BUV. 
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS 
DTA DTC GL GM НА HCF HD HEF ICL ICM IRF J KA 
KIAL LA LB LC LD LF LM M M5M MA MAB MAX MB 
MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU 
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB. 

SAD SAI SAS SDA SG SI SL SN SO STA STK STR STRD 
STRM STRS SVI TTA TAA TAG TBA TC TCA TDA TDB 
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA 

UAA UC UDN ULN UM UPA UPC UPD VN X XR ZZN 
ZIS + many others 


















We can also offer equivalents (at customers’ risk) 
We also stock a full range of other electronic components 
Mail, phone, Fax Credit Card orders and callers welcome 







40-42 Cricklewood Broadway London NW2. 
Tel: 020 8452 0161 Fax: 020 8208 1441 








1/2004 Elektor Electronics 
























Kit Radio 
Company 


Kits! Kits! 
With All the Bits! 
Our kits include 


Labled and drilled case! hardware! Step by step instructions! 
Even Batteries! £10 Get U going service avilable! 











СЭВХ 20777 
KRC-2 epp £49.99 
KRC-3 оо Wee seitens! 49:98 
р 
КВС-А-2 аас: Merer и seer mos £29.99 
KRC-A-3 Active antenna tuner £49.99 


1-30 MHZ in 4 bands 20db gain 


Send S.A.E. for full details. Or visit our web site. 
http://hometown.aol.co.uk/kitradioco/uk.htm 


Order direct from KRC Postage & Packing 
Unit Il, Marlborough Court, UK £4.00 
Westerham, Kent. TN16 1EU Europe £8.00 





U.S.A. £12.00 






Tel 01959 563023 


The World's most advanced solution for learning 
and programming PiCmicro microcontrollers 


fies 


Allows you to program PiCmicros and test your programs 
Designed for education, hobbyists and industry 
Supports low cost Flash programmable PiCmicro devices 
Fully featured displays including 2 line LCD 

and quad 7-segment LED 

Programs most 8, 18, 28, до pin devices - including 
those with ADC capabilities 

Free download software provides seamless send 

and verify function 

3 CD ROM courses in C, assembly code, and flowchart 
programming are available 


for full specification see: 
www. matrixmultimedia.co.uk 
от contact us for a full colour brochure 


‘email: sales@matrixmoltimedi2 co.uk 


tel: 0870 7001831 fax: 0870 700 1832 multimedia 
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Practice without crashing your models 


By Dean Sarelius d.sarelius@bigpond.com 


We all know that even 
the best pilots spend 
many hours practising 
on flight simulators 
before taking to the real 
thing, so why should it 
be any different for 
radio control planes? 
With the FMS R/C Flight 
Encoder described here 
you can polish your 
flying skills and gain the 
valuable experience you 
need without having to 
invest in a radio control 
or even to build a 
model airplane. In fact 
the FMS encoder will 
even allow you to use 
your own radio control 
to further enhance your 


flying ability. 
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Last year the author purchased a JR 
4-channel radio control (R/C) and 
built his first electric powered plane. 
Unfortunately the maiden flight was 
а disaster so a more serious look at 
flight simulators was in order. Unfor- 
tunately, the cost of the so called 
professional simulators was too 
much to justify. Searching the Inter- 
net, a website called FMS was 
found. 

FMS (Flying Model Simulator) is a 
freeware 3D flight simulator program 
developed and written by Roman & 
Michael Moller. FMS has been com- 
piled to run in both DOS and Win- 
dows and with thanks to Roman and 
Michael it is available as a free 
download from their website 
http://n.ethz.ch/student/mmoeller/ 
fms/index e.html. 

The FMS simulator provides con- 
trol of planes and helicopters either 
by keyboard, joystick, parallel port or 
the serial port. The keyboard and joy- 
stick options are fine but if you wish 
to practice flying planes with your 
own radio control it is necessary to 


use an adapter which converts the 
"buddy' signal from the radio into 
data to interface to the computer. 
More about this further on. 


A brief history 


In the 1960's two engineers, Doug 
Spreng and Don Mathers of NASA, 
developed the original digital pro- 
portional control system and a stan- 
dard was set for the type of pulses 
required to control servos in radio 
control applications. With the Math- 
ers and Spreng pulse position mod- 
ulation system (or PPM) pulses are 
transmitted — five pulses for a 4- 
channel, six for a 5-channel and so 
on. It is the space between these 
pulses which determines the posi- 
tion for the servos. These pulses are 
modulated such that the position 
between them is allowed to vary 
between 1 ms and 2 ms. For a 1.5- 
ms delay between pulses the servo 
would remain at centre, while any- 
thing less than 1.5 ms would force 
the servo to turn anti-clockwise and 





anything above would make it turn clock- 
wise. The greater the time delay positive or 
negative from 1.5 ms the further the rotation 
of the servo. When the encoder is used to 
interface to your radio control, it is the time 
delay between these pulses which is con- 
verted into numerical form to interface to the 
computer. 

There are a number of different ways to 
obtain the PPM signals from your R/C radio 
and this will depend on which radio you 
have. More about this later. 


So how does the encoder work? 


The encoder can work ‘stand alone’, without 
any need for a radio control. In this mode you 
simply plug it into the serial port of your com- 
puter and use both joysticks as you would a 
normal R/C. 

In the second mode of operation you will 
need the PPM signal from your radio. Once 
you have connected this signal you only need 
to press down on the joystick (actuating the 
internal switch) to toggle the mode so that 
the PPM signal from your radio control is used 
to interface to the simulator. In this mode you 
use the encoder to decode the PPM signals 





















































Figure |. Circuit diagram of the FMS Encoder. All intelligence is vested in microcontroller ІСІ. Connector КЗ allows you to connect your 
own R/C transmitter unit via its ‘buddy/rainer’ outlet. 
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from the radio and convert them into serial 
data for the computer. You are now using your 
own radio control to fly the virtual models, so 
with practice you gain confidence flying with 
your own R/C. 

Within FMS options for ‘Control’ you will 
find the ‘Serial PIC-interface'. You can choose 
from two options, but it is the 19200 Baud / 
OxFF Sync which this design is set to run 
with. Make sure to select the correct COM 
port and set it up in the following way: 


— 19200 baud 

—8 bit data, 1 stop bit, no parity 
-RTS set to HI 

- DTR set to LOW 


With the FMS encoder plugged in and the 
correct COM port set up and calibrated you 
are ready to start flying. 

The encoder sends one packet for all chan- 
nels. Every packet starts with OxFF and a 
byte is added with a value between 0 and 
254 (0x00 to OxFE hex) which provides the 
information for the servo position. Since 0 to 
254 values are available for a range of 1 ms to 
2 ms, the value which equates to 1.5 ms or 
centre position is 127 (0x7F hex). 

So for a 4-channel R/C with all servos in 
the neutral position the data being sent to the 
computer would look like this: 


Pause OxFF Ox7F Ox7F Ox7F Ox7F Pause 
OxFF Ox7F Ох7Р Ox7F Ox7F Pause etc. 


The pause is actually the pause between 
PPM signals from the radio. This value would 
vary depending on how many channels your 


Hitec (all types) 
Futaba (new models) 








Futaba (old models) 
Sanwa, Airtronics 
030085 - 13 


Figure 3. Signal functions on the buddy/trainer 
socket of some commonly used R/C 
transmitters. If yours is not shown, consult the 
owners manual or ask help from fellow FMS 
users via the FMS Forum. 
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Figure 2. Pulses captured from ап 8-channel R/C. 


R/C generates — the more channels, 
the shorter the pause. 


The circuit 


The circuit diagram of the FMS 
Flight Simulator Encoder appears in 
Figure 1. You can see that it is basi- 
cally the Philips low pin count 
P87LPC767 MCU, that's doing all the 
work. The LPC767 is an 8-bit 8051 
based MCU with one-time program- 
mable (OTP) PROM and four (!) chan- 
nels of 8-bit analogue to digital con- 
verters. A programmer for the 
LPC76x family was described in 
Elektor Electronics December 2003. 

At power-up the encoder is in 
SIM mode, reading the joystick posi- 
tions from the four 10-kQ linear 
potentiometers contained in joy- 
sticks P1, P2, then converting this 
analogue information into packets of 
data to send to the serial port on the 
PC. To provide a means of trimming 
the controls, 5-КО presets (P3-P6) 
have been added in series with the 
joysticks pots. 

To engage the R/C mode (which 
allows you to use your own R/C 
transmitter) you simply press down 
on either of the two joysticks to acti- 
vate an internal tactile switch. If the 
joysticks are not fitted, the same is 


achieved by pressing S2. Pulling the 
P1.1 port line to ground causes the 
MCU firmware to change to the R/C 
encoder mode. 

In this mode pulses continuously 
sent to the MCU are converted and 
conveyed to the computer. The MCU 
waits for a pause before it saniples 
the time delay between consecutive 
pulses. After the MCU detects the 
first pulse, it counts up in steps of 10 
microseconds until it detects the 
next pulse. Thus for a delay of 
1.5 milliseconds between pulses, the 
value it sends to the serial port is 
approximately 127 decimal or 0x7F. 
Minor variations are not so critical 
since the built-in driver for FMS 
takes care of any calibration differ- 
ences. 

If the MCU fails to detect any 
more pulses it simply bails out and 
sends only those channels which it 
could count, this may be anything 
from a 2-channel to an 8-channel R/C 
pulse train. 

Figure 2 shows the pulses from 
an 8-channel R/C. You can see that 
there are actually nine pulses, and 
that there is a delay of around 10 ms 
between pulse trains. 

It is the inverted version of these 
pulses which are sent to buffer tran- 
sistor Т1. These pulses are inverted 
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RIR2 = 4700 

R3,R5 = IkQ 

R4 = 100kQ 

R6,R8 = 10kQ 

R7 = 4kQ7 

P1,P2 = mini joystick, CTS model 
25А104А60ТВ (order code 
CTS25A from dilnl)* 

P3-P6 = 5КО preset 





Car rs: 

CI,C2 = 27pF 

C3 = 22ШЕ 16У axial 
C4,C5 = 100nF 


C6 = 10uF 16Уаха! 


Semiconductors: 


DI = LED, green, 3mm 





ICI = 87LPC767BN, 
programmed, order code 
030066-41 

IC2 — 7805CP 

TI = ВС547В 

T2 = ВС557В 


Miscellaneous. 

КІ = 9.V battery with clip-on 
leads 

K2 = 9-way sub-D socket 
(female), PCB mount 

K3 — 3.5mm mono jack socket, 
chassis mount 

SI — on/off switch 

52 = pushbutton, | make contact 

ХІ = 11.0952MHz quartz crystal 

РСВ, order code 030066-1 

3 wire links 

RS-232 cable (non-crossed) 

Case, e.g., Pactec WM-46 (Conrad 
Electronics # 54 13 03) 








* Worldwide distributor 
information from 





by Т1 thus bringing them back to 
normal before they are sent to MCU 
pin13. 

Output data from MCU port line 
P1.6 (pin 3) is buffered by T2, with 
R7 providing the required level shift- 
ing to drive the RS232 port. 

Only two wires are required from 
your R/C radio to interface to the 
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Figure 4. Co 
FMS Encode: 


г( 












FMS encoder. Where these connections are 
will depend on what type of R/C you have. A 
few are listed in Figure 3. You may have more 
information available from your radio control 
manual. If you are unsure which connections 
to use then don't be afraid to experiment 
since the buffered input is quite safe. If you 
fail to place them the right way around the 
encoder will behave erratically — just swap 
them over and everything should be okay. 

The whole circuit runs off a single 9-V 
(6F22) battery and draws only 21 mA, most 
of which is consumed by the LEDs D1 and D2 
which indicate SIM mode and R/C mode 
respectively. A 7805 regulates the battery 
supply down to 5 V to power the MCU. At 
least five hours play time should be available 
from a standard 9-V battery. 


Construction 


Construction of the FMS Flight Simulator 
Encoder board should be easy if you use a 
ready-made printed circuit board and a pro- 
grammed MCU supplied through the Elektor 


Advertisement 





Electronics Readers Services. The 
respective order codes are 030066-11 
and 030066-41. The MCU for this 
project is only available ready-pro- 
grammed. The author receives roy- 
alty payments for every copy sold 
hence no hex code or source code 
files can be supplied. 

The PCB (Figure 4) is spacious 
and single-sided. As usual, polarized 
components like LEDs, electrolytic 
capacitors, transistors and inte- 
grated circuits should mounted the 
Tight way around on penalty of cre- 
ating a hard to find circuit fault (best 
case) or destroying them when the 
power is applied (worst case). Don't 
swap T1 and T2, the devices looking 
identical but being complementary 
(npn and pnp respectively). 

The MCU being the most expen- 
sive component, it really deserves to 
be fitted in a good quality IC socket. 
However, it should not be inserted in 
the socket before you have verified 





and approved the presence of the +5 
volt supply voltage at a number of 
relevant points in the circuit, for 
example, IC1 socket pin 15, the emit- 
ter of T2 and the anode wires of 
LEDs D1 and D2. Okay so far? Then 
switch off and insert the MCU, 
observing the position of the notch. 
on the PCB overlay. 

Pinheader strips beside joysticks 
P1 and P2 are provided to connect 
joysticks that do not fit the board, or 
an old R/C of which the RF sections 
are faulty or even missing. 


Finally 


Users of the Encoder described in 
this article are encouraged to com- 
municate with other FMS users via 
the Forum which can be accessed 
via the FMS homepage. Happy fly- 
ing! 
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Farnell DTV 12-14 Oscilloscope Spectrum Analysers 
Dual Trace 12 MHz TV Coupling Only, £75 — = 


Farnell LFI Sine/Sq pone 
10Hz - 1 MHz ШР Г) 


OSCILLOSCOPES 

















THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 


GIANT 10” 7 SEGMENT Td ES) LS -TRANSISTORS - DIODES 19" RACK CABINETS 


Анас риства oratios us о rng Ю уш Бою OBSOLETE - SHORT SUPPLY - BULK Europe's Largest Stocks of 
Sioa! The адн ss hes copie eet 10,000,000 items EX STOCK quality rack cabinets, 
For MAJOR savnes ©? enclosures and accessories. 


CALL or see web site www.distel.co.uk 
1 COMPUTER MONITOR SPECIALS. Over 1000 Racks Нэт stock 


Legacy products 



















This month's special 


(LS LU T dien ee High spec genuine multysync. 2147 U - High Quali 
ces ege tel Зоо Г College con- Y БАЛИН Ng COE IURE TRES A 





suction project Spied good RFE азий carpe ниса алав. мані РАЗИБЕТК 16 SVGA Mulayne сы morior ven te All steel Rack Cabinets 


028 dct pith tbe and гевсй бол of 1024x765 Ast Made by Eurocraft Enclosures Lid to the highest pos- 
© pus slows comnecton ю а оя d compe sible spec, rack features ай steel construction win 


ву 
Including IBM PC's in CGA, EGA, VGA & SVGA removabie side, front and back doors. Front and СӘ: 
modes. Бай doors аге hinged for easy access and ай 22 
ARCHIMEDES 











ГЭЛ ал LOW RADIATION lockable with five secure 5 lever barrel locks. С 
TV SOUND 8: хасах Ey сс алав n EXCELLENT IUe теш wah а designer ste. smoked acie oni | 
VIDEO TUNER NL £475 panel to enable status indicalors Ю Бө seen 
VGA cabio мамаа. Orderss ош 
CABLE СОШРАПЫЕ" Only £129 (2) "Соз Шалан the rack аот (шу отоо rein- | 
ar External cables for other types of computers available - CALL. forced vertical бозго members. heavi- | 
Converts your colour monitor into a QUALITY COLOUR ТУН - = est of 19" rack equipment. The two movable || 
“The TELEBOX в en atractive ty cased mans powered unt contain i | Generic LOW COST SVGA Monitors | хс fing sints (extras avaiable) are pro | 




















к punched for standard ‘cage nuts. A mains 
өвслхүсв ready о plug гїп a host of video monitors or AV equipment which We choose the make, which includes Compaq, ~ 
ar fad wi a video or SCART rat Те сстровамооолы | — Mitsubushi, IBM, etc. Supplied ready to run with ай | ree мүн ВУ IEC 3 рп Euro о те end Tx 
ТИ abo plug crac rto most Мо recorders, шоно reception of TV cables, Standard RTB 90 day guarantee. 13 amp 3 pin switched utility socket. Overal ventla- 
channels not тавина dn ном шилжэ cul ИН: J € 2 боп is provided by fully louvered back door and double skinned top 
BOX МВ). Push buton controis on the fort panei alow гасесбол of 8 fly 14 15 17 section with lop and side louvres. The top panel 
хэнээ Uf ai UHF cou eleven Texomys | |£59.00| |£69.00| |£79.00| | "Шу ct integral fans to the sub piat etc. Other features 
айу ай television frequencies VHF and UHF including the HYPERBAND as 5 a . include: йв castors and floor levelers, prepunched иу panel at 
used by most cable TV operators. idecl for desklop computer video sys- order TDB4 order TG21 order TJ66 lower rear for cable / connector соо “ёс, Supphed in excellent, 









tems & PIP (Gch in picis) setups. For compel compatbly - even or 
тайх wrat sond- en pga 4 ий ero атои атри үа НН | Supplied in good used condition. Shipping code (D) 


used cond Royal bus. some grey 








титак ке акы ae eae | ше 
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(GB and standard composite 15.625 
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hyperband signal reception Telebax MB should bacon- Khz video inputs via SCART socket and separate phono jacks. 
елсе Sy Viton ane Alga nd Maa cao a 

State of the art PAL (UK sp 

‘with composite 1V | 

‘outputs. Micro electroni 
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ЛК | 
RIAA Ргеатр 
with FETs 


SRPP equaliser for moving magnet (MM) cartridges 


Design by H. Breitzke 


This preamplifier and equaliser is based around field effect transistors and 
is an updated version of the SRPP valve preamp we published in March 
and April 1987. Various changes are necessary due to the fact that the | 
FET SRPP configuration offers a considerably higher gain and output | 
impedance than its valve sibling. | 


The Shunt Regulated Push-Pull (SRPP) topol- for use with bipolar transistors or increased. Using FETs, however, we | 
оду is frequently used in high-frequency with operational amplifiers because can employ the SRPP topology as | 
applications, but is seldom seen in audio сїг- the circuit does not employ negative effectively as with valves. 

cuits. This is simply because SRPP works feedback. 

well with valve technology, but is not suitable As a result distortion is considerably 
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24у, «24V 


Figure 1. Push-pull circuit with SRPP 
topology. 


SRPP 


The SRPP technique is based on a 
push-pull arrangement (Figure 1), 
where the transistors or valves are, 
for the purposes of DC analysis, con- 


nected in series. The signal is taken to the 
gate of the lower FET. The AC voltage 
dropped across the impedance in the source 
connection of the upper FET serves as an out- 
of-phase drive voltage for the upper FET, 
since the drain of the lower FET is connected 
to the gate of the upper FET. Meanwhile, the 
DC voltage drop across the trimmer poten- 
tiometer provides the gate bias voltage for 
the upper FET. From the point of view of the 


Figure 2. The circuit of the RIAA equaliser includes a high-quality power supply. 
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Тї-28КЗ89 
T2 = 25К389 
16 = 25К389 
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lower transistor the upper transistor appears 
as a current source, while the output is taken 
from the upper transistor in a source-follower 
arrangement. This special push-pull topology 
reduces the output impedance of the transis- 
tors by a factor of 3 or 4. The operation of the 
SRPP circuit is straightforward: it is surpris- 
ing to discover, then, what advantages it 
offers both technically and in terms of how it 
sounds: 


— very low distortion; 


— extremely high linearity; 
— high gain; 


l Characteristics 





— generous headroom; 
— low output impedance. 


The Circuit 

Aside from the power supply, the cir- 
cuit in Figure 2 consists of two iden- 
tical amplifier stages: we will 
describe the left channel. Central to 
the amplifier is the SRPP arrange- 
ment around T2a and T2b, which 
has a gain of approximately 280. A 
type 25К389 dual FET is used to 
reduce noise and to improve thermal 


22 (with 200 mV output voltage, | kHz, 47 КО load) 


_ Power supply voltage 24У 
_ Current consumption approximately 18 mA 
- Nominal approximately 2 mV 
|. THD+N (400 Hz to 22 kHz) 0.054 96 
S/N >71 dBA 





_ Curve A shows that the deviation from the standard RIAA correction curve is very low: 


only 1.6 dB at 20 Hz. 





The spectrum plot in Curve B shows the second harmonic at —67 dB. The third is barely 


above the noise floor. 


Ups « 30V 


Ips = constant 
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Figure 3. Circuit used for selecting 
FETs. 


stability. Because of the high input 
capacitance there is a Miller capaci- 
tance of a few nanofarads, and so an 
input buffer in the form of source-fol- 
lower T1 is necessary. Here again a 
2SK389 is used (one transistor per 
channel), which guarantees good 
matching between the two chan- 
nels. In principle any low-noise FET 
can be substituted. 

Following the SRPP stage there is 
an RIAA equaliser network compris- 
ing C3, C4, and C5, and R5, R6 and 
R7. The maximum deviation from the 
official RIAA equalisation curve is 
just –1.6 dB at 20 Hz and agreement 
is generally within about 0.3 dB. 

T3 to T5 form the output stage of 
the equaliser, with a gain of 12: The 
gain can be adjusted over a wide 
range by changing the AC feedback 
network formed by R10, R11 ànd 
R12. The output impedance is just a 
few ohms. ra) 

For T3 and T4 we would ideally 
like to use a dual FET with a low 
input capacitance but with a 
transconductance comparable to 
that of the BF245B. Unfortunately 
such a dual device does not exist, 
and so we must select two suitable 
BF245Bs. We therefore connect the 
transistors as shown in Figure 3 and 
try to find pairs with the closest pos- 
sible drain currents. The lower tran- 
sistors of the two channels should 
also be as similar as possible in 
order to achieve good channel 
matching. 

Since a clean DC supply is essen- 
tial for a sensitive circuit such as 
this, a few words about the power 
supply are in order. High-frequency 
interference is suppressed by a 
mains choke and two capacitors on 
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COMPONENTS LIST 


Resistors: 
RIR3,RILRIS,RISR23 = 47kO. 
R2,R4,R14,R16 = 1000 

85,817 = 12kQ1 

86,818 kQ33 

87,819 8КО. 

R8,R20 = 4700 

R9,R21,R27 = 10kQ 

RIO,R22 = 220kQ 








RI2,R24 = 15КО 
R25 = 2740 

R26 = 4kO87 

R28 = 220 

РІ,РЗ = 2500 preset 
P2,P4 = 1kQ preset 
Capacitors: 

С1,С9 = 27pF 


С2,С3,С6,С10,С11,С14 = ШЕ 
МКТ, lead pitch 7.5mm 

С4,С12 = 220nF 

C5,CI3 = 82nF 

С7,С15,С17,С20 = 100nF 

С8,С16 = 1004F 40V radial 

С18,С19 = ТОШЕ 63V radial 

C21 = 1000дЕ 63V radial 

С22-С25 = 47nF ceramic, lead 
pitch Smm 

С26,С27 = 100nF 250 VAC (Class 
X2), lead pitch 15mm 


Inductors: 
LI = suppressor choke 2 х 27mH 
(Epcos # B82721-K2401-N21) 


Semiconductors: 

BI = B80C1500 bridge rectifier, 
rectangular case (80V piv, 1.5 A) 

DI = LED, low current 

T1,72,T6 = 2SK389-BL (Toshiba), 
(www.reichelt.de) 

ТЗ,ТА,17,18 = BF245B (see text) 

5,79 = BC550C 

ICI = LM317 (T0220 case) 


Miscellaneous: 

KI-K4 = cinch socket, PCB mount 
(Monacor/Monarch # T-709G) 

K5 = 2-way PCB terminal block, 
lead pitch 7.5m 

TRI = mains transformer, 2 x 12V 
11.8УА (e.g. Gerth # 304.24-2) 

PCB, available from The PCBShop. 


the primary side of the small 24 V 
transformer. On the secondary side 
capacitors are connected across the 
diodes in the rectifier bridge, which 
suppress interference caused when 
the diodes switch. The LM317 volt- 


1/2004 Elektor Electronics 


Figure 4. Printed circuit board layout. 


age regulator produces a stable and 
clean 24 V supply. 

Figure 4 shows the layout for the 
printed circuit board, which has an 
extensive ground plane. Unless the 
board is to be mounted as a whole 
inside the enclosure, the power sup- 
ply section should be cut off before 
populating the board. The layout 
and the component arrangement 
are practically symmetrical, and 
there are two wire links, near to K2 
and K4. 

Alignment of the circuit involves 
adjusting potentiometers Pi and P2 





so that the voltages at the source connections 
of T2b and T4 are each equal to 0,/2. The 
input capacitance of the circuit is formed by 
capacitor C1 and the input capacitance of T1, 
which, in the case of the 2SK389, is around 
20 pF. The optimum input capacitance 
depends on the type of cartridge, and will 
normally be found in the specifications of the 
system. 


Internet address: 
www.tubecad.com/may2000/ 
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Multi-event 
Alarm Clock 


In control of many daily events 


Design by K.-U. Mrkor 


A regular alarm clock, whether stuffed with electronics or of the 
mechanical variety, will not get you very far if you need to be reminded 
of several events during the day (for example, taking your medication). 
What you need is a multi-talent like the circuit described here. 


The circuit diagram of the Multi-event Alarm 
Clock shown in Figure 1 is easy to under- 
stand, the central parts being a contemporary 
combination of a microcontroller, a real-time 
clock and an LC display. At the heart of the 
circuit sits a powerful yet inexpensive and 
widely available 8051-compatible 8-bit micro- 
controller type AT89C2051 from Atmel. Its 
main features may be summarized as follows: 


— full 8051 software compatibility; 

— 2 kbytes of Flash memory; 

— integrated analogue comparator; 

- multiple outputs with LED drive capability; 
— static architecture (0-24 MHz) 

— extended supply voltage range (2.7-6 V). 


Quite important for this application, the chip 
comes in a small enclosure with ‘just’ 20 1/0 
pins. Port 1 and Port 3 (with the exception of 
the P3.6 line) provide 15 freely programmable 
port lines. This should be more than adequate 
to connect the following peripherals: an LCD 
to display time and menus, two pushbuttons 
to set the clock and the alarm times, an LED 
and a piezo buzzer as an acoustic alarm. 

To these elements should be added a real- 
time clock (RTC) component type DS1307 
which communicates with the MCU via an 
12С link. Thanks to a 3-volt Lithium backup 
battery, the DS1307 will keep 'ticking' in the 
absence of the supply voltage. Suitably pro- 
grammed, the chip supplies a seconds pulse 
at the SOW/OUT pin. 
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Clock reference 
adjustment 


In real life, the clock output of the 
DS1370 will rarely supply a pulse 
with a period of exactly 1.000000 
seconds. This is because the quartz 
crystal used in the RTC clock oscilla- 
tor circuit is subject to a certain pro- 
duction tolerance. The author pur- 
chased and tested a number of these 





quartz crystals and found pulse peri- 
ods of up to 1.000008 seconds at the 
chip output. Unfortunately, what 
appears to be a totally harmless 
error in the sixth decimal position 
can well be the cause of serious 
degradation in the clock's final accu- 
racy, amounting to an error of four 
minutes per year. 

Although the error may be com- 
pensated by adjusting trimmer C5, 
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that really makes sense only if you 
have a reliably and extremely well 
calibrated frequency counter boast- 
ing a microseconds range. Assuming 
you have such an instrument (or 
have access to it) then the probe 
may be connected to pin 7 of the 
DS1307 and the trimmer adjusted for 
a reading that's acceptable. Failing 
the above, C5 is best omitted from 
the circuit. 


Power supply 


The power supply for the circuit is of 
а less conventional design, consist- 
ing of a low-drop voltage regulator, 
IC3, with its usual satellite parts. Its 
function is to turn the external sup- 
ply voltage (from a battery or a 
mains adapter) into a stable 5-V sup- 
ply rail for all circuit parts except the 
LCD backlight. Jumper JP1 ensures 
that the backlight current is never 
drawn from a battery — after all, 
we're looking at something between 
40 and 240 mA depending on the 
LCD type you decide to use. The cur- 
rent circuit around T2-T3-T4 (actually 
а current mirror) only works when a 
mains adapter is used to power the 
circuit, supplying the necessary cur- 
rent for the backlight lamp(s). 

The current consumption of the 
circuit with the exception of the LCD 
amounts to just 5 mA which may be 
lowered even further by a small 
reduction in the MCU clock fre- 
quency. The MCU itself does not exe- 
cute time-critical tasks and will hap- 
pily run at a clock frequency as low 
as 2.4576 MHz. The only conse- 
quence of a relatively low MCU clock 
frequency (determined by the quartz 
crystal) is a slightly sluggish menu 
when the clock and alarm times 
have to be set. 

Obviously the 051307 is not 
affected by these changes because 
it employs its own timebase. 


Software 


The software for the project was 
written in the 'C' higher language, 
using Keil's )Vusion2 package as a 
development platform of which a 
free evaluation version may be 
downloaded from 
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Figure 1. The main components in the project are a microcontroller, a real-time dock chip, 


an LCD and two pushbuttons. 


The only limitations of this version 
are (1) non-commercial use and (2) a 
maximum object code size of 
2 kbytes. The latter limitation is hard 
to object to if you realize that the 
size of the AT89C2051 Flash memory 
is also 2 kbytes! 

The microcontroller executable 
code looks after several tasks includ- 
ing outputting the current time, com- 
municating with the user via a menu 
structure and, last but not least, 
enabling the acoustic actuator when 
an alarm time is reached. 

The seconds clock pulse that's 
crucial to the function of the Multi- 
event Alarm Clock is generated by 


the 051307 and fed to the AT89C2051 MCU by 
way of an I2C bus interface. Unlike some other 
8051 derivates from Philips, the AT89C2051 
does not have an on-chip IC interface, hence 
a few І2С routines had to be written based on 
an example supplied by Keil. 

Access to the real-time clock is similar to 
reading/writing a memory device. The only 
point to keep in mind is that the first eight 
bytes in the RTC RAM are reserved for the 
clock itself. The battery backup makes the 
remaining 56 free memory locations ideal for 
the storage of alarm times. However, the 
DS1307 has to be initialised before it can be 
used as a timebase. The initialisation com- 
prises adjusting the clock and loading the 
control bytes. The memory map in Figure 2 
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shows the meaning and function of the indi- 
vidual bits contained in the first eight control 
bytes. The MSB (most significant bit) in the 
seconds byte (CH, clock halt) is the most 
important in this respect. Whenever the IC is 
powered up, this bit always reads 1, and the 
clock is not started until CH is made 0. Set- 
ting the OUT and SQWE bits prompts the 
DS1307 to supply a rectangular signal at its 
OUT pin. The frequency of the output signal 
is determined by the RS1 and RSO bits. A 1- 
second pulse is obtained by programming the 
value 00b. 

By connecting the OUT line of the 051307 
to the INTO input of the microcontroller, a 1- 
second interrupt is generated. The relevant 
interrupt service routine updates the time 
output to the display. Next, a check is per- 
formed to see if the current time matches one 
ofthe alarm times stored in the 081307 RAM 
area. If so, that event is signalled by three 
acoustic and optical signals. 





COMPONENTS LIST 





Resistors: 

RI = 1kQ 

R2,R3 = 47кО. 

R4 = 100 
R5,R6,R7 = 4kO7 
Ri 195 

R 10022 

RIO = 2200 

PI = 10КО preset 
P2 = 2kQ5 preset 
Capacitors: 
СІ,С2 = 33pF 


СЗ = 11Е/63У radial 
С4,С6,С7,С10 = 100nF 
C5 = 25pF (trimmer) 
C8 = 220uF 10У radial 
С9= 10ДЕ 63V radial 
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Figure 2. DS1307 memory map. 


The control program then checks 
if the user is pressing one of the 


CII = 470uF 16V radial 


Semiconductors: 
DI = LED, red, 5mm, low current 
(optionally with chassis-mount 


holder) 
D2 = IN4001 
TI = BC547B 
T2 = BD242 





BC557C 

T4 = BF256C 

ICI = АТ89С2051-12РС, 
programmed, order code 020304- 
4l 


IC2 = 051307 
IC3 = 4805 


Miscellaneous: 
JPI = 3-way pinheader with jumper 
51,52 = pushbutton, | make contact, 


pushbuttons to call up the menu. If 
so, the menu is made available, else, 


chassis mount 

LCDI — LC display, 16 characters (2 
lines x 8), e.g. AV0820 from Anag 
Vision) plus 16-way boxheader 

XI — 6MHz quartz crystal (parallel 
resonance) 

X2 — 32.768 kHz quartz crystal 

BTI = 3V Lithium cell type CR2032 
with PCB mount holder (22.75mm 
diam.) 

BT2 = see text 

BZI = SV or 6V DC buzzer (active 
piezo) 





PCB, available from The PCB Shop 


Disk, microcontroller C (source) ahd 
hex files, order code 020304-1 1 ог 
Free Download 





Figure 3. Copper track layout and component mounting plan of the PCB designed for the Multi-event Alarm Clock 
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the microcontroller changes to 
‘sleep’ mode. In this energy-saving 
mode, the AT89C2051 consumes just 
1.6 mA as opposed to 7.5 mA 


adjust clock 





enter new 
alarm time 


(assuming a clock of 6 MHz). The 
MCU does not wake up until the 
next interrupt is request is received 
from the DS1307, when the display 


clear alarm 
time 17:45 





Figure 4. Operating the dock could not be easier using the built-in menu. 
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update and pushbutton check routines are 
run again. 


Construction and use 


The circuit is conveniently built on the single- 
sided printed circuit board of which the lay- 
out is shown in Figure 3. It should be noted 
that a number of components are not accom- 
modated on the board — these include the 
‘large’ battery, BT2 (which may take the form 
of two Lithium cells, four Alkaline cells or a 
single 9-V battery), piezo buzzer BZ1, push- 
buttons S1 and S2 and, of course, the LC dis- 
play. The latter is connected by way of a 16- 
way pinheader and two extra solder pins (A 
and K for the backlight). 

Populating the board should not cause 
problems as there are no unusual compo- 
nents to deal with or special mounting 
methods to observe. As a matter of course, 
electrolytic capacitors, transistors and inte- 
grated circuits must be mounted the right 
way around as they are polarized compo- 
nents. Transistor T2 and voltage regulator 
1С3 do not need heatsinks as they pass rel- 
atively low currents. As illustrated in the 
introductory picture, the two pushbuttons 
are fitted directly onto the case panel, just 
below the display (S1 to the right, S2 to the 
left). The alarm LED may also be mounted 
below the display. 

All user settings are guided by the in-built 
menu and entered using the two pushbut- 
tons. The menu is entered by keeping one of 
the pushbuttons pressed for about one sec- 
ond. Within the menu, the items to define 
invariably have two options, which are dis- 
played in the lower of the two display lines. 
The desired option is selected by pressing 
the pushbutton below the relevant text on the 
display (i.e., left or right).The three main func- 
tions, clock adjust, alarm adjust and alarm 
clear, are shown pictorially in Figure 4. 

(6202041) 


Web pointer 
051307 datasheet 





` Free Downloads 


.. Microcontroller C (source) and hex files. 
File number: 020304-1 l.zip. 


|. PCB layout in PDF format. 
File number: 020304-1.zip 


www.elektor-electronic k/dl/di.htm, 
select month of publication. 














HV990]1 


A novel LED driver 


By E. Haug 


LEDs have been around for years now but it's only recently that things 
have started to get interesting with white and superbright versions 
appearing at reasonable cost. LEDs of course require some form of 
driving circuit and there is a lot of interest in more efficient or versatile 
techniques for driving them. This circuit isn't fussy; it outputs a constant 
current suitable for high power LEDs and it doesn't care whether the 
input is 12 V or 230 V! 


It sometimes happens that a chip manufac- 
turer comes up with an IC to perform a spe- 
cific function and later the chip is found to be 
useful in a different application, not antici- 
pated by the original designer. The HV9901 
Universal Relay Driver from Supertex Inc. is 
just such a device. It was originally designed 
to provide a constant current output drive for 
a relay coil from a very wide range of supply 
voltages from 10 V up to 450 V DC without 
the need to alter any of the circuit compo- 
nents. This device offers a number of benefits 
both to the designers of white goods where 
the variety of relays used in equipment can 
be reduced (optimising quantity discounts) 
and also to the maintenance engineer who 
does not need to check coil ratings of a 
replacement relay. The HV9901 operates at 
DC voltages only so for AC operation a bridge 
rectifier is also needed (but no reservoir 
capacitor is usually necessary). 











Figure 1. The switched current source 
configuration. 


Figure 2. Internal diagram of the 
HV9901. 





How come that LEDs and relays are so 
alike that they can both be driven by the 
same chip? Well both require the drive cur- 
rent to be as constant as possible irrespec- 
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tive of the level of supply voltage. In 
the past with low current LEDs tak- 
ing only a couple of milliamps the 
problem of driver design was not so 
great but with today's high power 


devices consuming a few hundred 
milliamps up to 1 A the need for 
efficient drivers is more acute to 
avoid excessive dissipation in the 
driver circuit. 


Elektor Electronics 1/2004 





APPLICATIONNOTE 








Figure 3. Load current waveform. 


A switched 
current source 


The step-down generator used in the 
HV9901 is a switched current source. 
Figure 1 shows the principle of the 
circuit. When the switch is closed 
current through the coil begins to 
rise. The rate of current rise depends 
on the value of supply voltage and 
the coil inductance. Before current in 
the circuit rises too much the switch 
is opened and the flow is inter- 
rupted. The ‘flywheel’ diode allows 
current to continue to flow through 





115/230 
(пот 12V AC*/DC) 


the coil and back to the positive sup- 
ply but it decays almost linearly 
because of the energy losses through 
the coil and LED. Once more the 
Switch is closed and current 
increases again until it is inter- 
rupted. This process is continually 
repeated so that current through the 
load has a ripple characteristic. The 
faster the switching process repeats, 
the smaller the peaks and troughs of 
the ripple will be. The HV9901 
shown in Figure 2 generates the 
PWM signals to switch the high volt- 
age input through an external power 





Qz 





Фя 





Figure 4. Circuit of the ReLED driver including the mains filter. 
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MOSFET to the load and measures the load 
current through a sense resistor to produce a 
(rippled) constant current output. The oscil- 
lator frequency is set by the value of resis- 
tance connected from the RT input to ground. 

The ripple current АТ (Figure 3) is gov- 
erned by the coil inductance, clock frequency 
fand the peak LED current 15. It is important 
to accurately control current through the LED 
because the maximum peak current of high 
current LEDs is only slightly more than their 
continuous current rating so it is important to 
achieve high brightness from the LED with- 
out over-driving it. Each time the peak value is 
exceeded the stress causes brightness reduc- 
tion, colour change and can lead to the 
untimely death of the LED. 


The ReLED driver 


The circuit is capable of driving both relays 
(also electro mechanical valves and solenoids 
etc.) and all types of LED so the circuit was 
given the name ReLED (well it seemed like а 
good idea at the time). The circuit controls its 
output current by measuring peak current 
through the coil via a sense resistor and 
switching the supply on and off. This is not 
the conventional method of providing a con- 
stant current source but the circuit is very 
simple to use and performs reliably. 

The HV9901 can accept input voltages in 
the range from 10 V to 450 V DC (providing 
that suitable MOSFETs and diodes are used) 
and not just ‘pure’ DC but also pulsed sup- 





local ground — do not bond out 
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plies like unsmoothed rectified 50 Hz mains 
supply. This feature allows a high current out- 
put supply to be produced without the need 
for expensive and bulky electrolytic reservoir 
capacitors. 

The circuit in Figure 4 provides an output 
current of around 300 mA and is suitable to 
drive a blue or white 1 W Luxeon LED. Over- 
voltage protection and a mains filter is 
included on the input to the circuit to comply 
with EMC recommendations for any mains 
powered clocked circuit. Other types of LED 
can also be driven from this circuit providing 
that the value of the current sense resistors 
(R1.1 and R1.2) are changed if the LED current 
rating is different. The current sensing resis- 
tor should be of a type having low parasitic. 
inductance, connecting two identical resistors 
in parallel helps to reduce any inductance and 
also shares the energy dissipation. 

The coil inductance and the oscillator 
PWM switching frequency both play an 
important role in keeping the current ripple 
to an acceptable level. 

In contrast to linear current regulators the 
value of input voltage has only a small effect 
on the power dissipation in the driver (and the 
efficiency of the circuit). Several individual 
LEDs can be connected in series and driven 
from this circuit provided there is sufficient 
supply voltage available. The minimum sup- 
ply voltage required to drive an LED is 12 V DC 
or AC but with a rectified AC supply of less 
than around 30 V the period that the circuit 
cannot conduct around the zero crossing 
points of the rectified AC waveform is rela- 
tively long so the LED will noticeably flicker. A 
220 uF reservoir capacitor (with an appropri- 
ate voltage rating) can be used to prevent this. 

Connections to the LED are both open and 
short circuit proof provided that these leads 
are not shorted to ground! A fast-acting fly- 
wheel diode suitable for the 50 KHz switch 
frequency must be used in the circuit other- 
wise there is a risk that the MOSFET will be 
destroyed. 


Component choice 


One area often overlooked by newcomers to 
FET design is the gate characteristic of the 
MOSFET. At first glance we notice that the 
input impedance is very high and mistakenly 
jump to the conclusion that not much energy is 
necessary to switch the MOSFET. This is true 
if the device is operated at low frequencies or 
DC but if we are switching the MOSFET at 
speed another factor is important: the gate 
capacitance. The maximum switching fre- 
quency of the MOSFET will be governed to a 
large extent by how fast the gate driving cir- 
cuit can charge and discharge this input 




















Figure 6. Flasher circuit showing VDD and VCC linked. 


capacitance. Unfortunately MOSFETs 
with low Врдцому have correspond- 
ingly high input capacitances so that 
switching power MOSFETs at speed 
gets more of a problem at high fre- 
quency and high supply voltages. 

When choosing the MOSFET type 
it's therefore important to check out 
the gate capacitance and not just 
select the device with the lowest 
Rps(on): The HV9901 can comfort- 
ably switch devices with a gate 
capacitance up to 500 pF and can 
also cope with 1 nF at a push. The 
suggested MOSFETs in this design 
can switch the LED supply at a 
PWM frequency of 50 kHz from 


mains supply voltage without the 
need for any heat sink. 

The coil specification is also 
important to ensure that it does not 
become saturated at the peak cur- 
rent over the complete operating 
temperature. A check with an oscil- 
loscope should indicate that the volt- 
age rise across the sense resistor is 
more or less linear. 


More features 


In addition to providing a stable LED 
drive current from a wide range of 
input voltages the circuit also has a 
number of other features that may be 
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Figure 7. Simple dimmer control. 


useful in some applications: The LED 
can be switched on and off by a logic 
signal applied to the ENI input (gal- 
vanically isolate this input logic sig- 
nal via an optocoupler). The polarity 
of the ENI signal can also be 
inverted by changing the level on 
the POL input. The HV9901 also con- 
tains an auxiliary voltage regulator 
that can be used to power additional 
circuitry. Two resistors are used to 
program the auxiliary voltage in the 
range from 2 V to 5.5 V the maximum 
output current is only 1 mA but this is 
enough to power a couple of CMOS 
chips or a CMOS 555 timer or even a 
low power microcontroller so that 
many more applications can now be 
realised using flashing lights or 
timed light control etc. (Figure 5). 
External circuits can also be pow- 
ered from 9 V available from VDD, in 
this case the two resistors are not 











required and VCC is connected to 
VDD. The logic threshold levels of 
the ENI and POL inputs will also cor- 
respond to this supply voltage (Fig- 
ure 6). The circuit flashes an LED 
(not shown) at approximately two- 
second intervals. The POL input is 
used to invert the sense of the timer 
output. In a similar manner a switch- 
on or switch-off delay can be simply 
implemented with some additional 
logic gates. Light level detector cir- 
cuits or PIR movement detectors can 
also be powered from the HV9901. 

Resistors connected to the H/D 
input of the HV9901 are used to pro- 
gram the relay pull-in and holding 
currents when the device is used to 
drive a relay coil but this feature can 
also be used to implement a simple 
dimmer when an LED is used in 
place of the relay (Figure 7). 

The HV9901 can also be used as 
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a step-up regulator by placing the load (e.g. 
a 12 V LED cluster) in series with the fly- 
wheel diode. In this mode the supply has a 
much higher ripple current. 


Testing times 


Before you try the circuit out with an expen- 
sive Luxeon LED it is a good idea to substi- 
tute a power zener diode instead of the LED. 
A zener diode has almost identical electrical 
characteristics providing you choose one with 
the same conduction voltage as the LED. The 
zener diode is a little more robust that the 
LED and any errors during testing will be far 
less costly. Connect a standard red LED 
together with a 180 О series resistor in paral- 
lel with the zener diode so that you can get a 
visual indication that the circuit is driving the 
LED with equal brightness at different input 
voltages. 

Alltests must be carried out initially using 
a low voltage (12 V) input. If the circuit is 
powered from the mains it is important to be 
aware that the chip will have lethal voltages 
on its pins and all appropriate safety guide- 
lines must be adhered to. Early tests using 
an isolated variable transformer to provide an 
adjustable input voltage were unsuccessful 
but a mains transformer with tapped secon- 
daries gave better results for test purposes. 
If the input mains filter is not fitted it is 
important to keep supply leads to the circuit 
as short as possible. 
On the positive side the circuit does not 
employ large reservoir capacitors on the high 
voltage side so once the ReLED is discon- 
nected from the mains supply any high volt- 
ages lurking around the circuit will be quickly 
discharged. 





Web Pointer 
HV9901 datasheet from: 
www.supertex.com/pdí/datasheets/HV990 | pdf 
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OTL Headphone 
Amplifier witn ессе (12407) 


An 'iron-free' valve amplifier 


Design by H.-J Friedli, PhD 


A headphone amplifier with outstanding sound quality can be built using 
readily available modern components. Omitting the output transformer, 
avoiding overall negative feedback and using good coupling capacitors 
guarantees a highly linear frequency characteristic, while certain 
construction methods yield low channel crosstalk. 
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Measured values (win tier 


Supply voltage: 187 V 
THD+N: (I mW / 600 Q) 2.3 96 (right channel) 
1.86 96 (left channel) 

S/N: (1 mW / 600 О) 293 dB 
>100 dBA 

Filament supply ripple voltage: 30 mVpp 
Total power consumption: 17W 


Valve experts know that even power valves that can 
deliver several hundred milliampères of anode current can 
never drive a loudspeaker with an impedance of 8 Q, 
since the internal resistance of a valve is several kiloohms. 
The two impedances are thus almost always matched 
using a transformer. In principle, there isn't any objection 
to using this form of impedance conversion, but every 
transformer tends to degrade the sound quality. Keeping 
this effect to a minimum requires very careful and com- 
plicated coil winding techniques, good-quality trans- 
former iron and large core cross-sections. 

However, if the load impedance is not just a few ohms 
but instead several hundred ohms, as is the case with 
many types of headphones, and if in addition the required 
power level is not overly high, an amplifier with no output 
transformer — sometimes referred to as an 'output trans- 
formerless' (OTL) amplifier — can be a feasible option. In 
this case, the load is driven directly by the valve. 

The OTL amplifier described here is a cathode follower 
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design suitable for use with a single 
or dual headphone, with each head- 
phone element having a rated 
impedance of at least 300 О. 


The circuit 


The circuit shown in Figure 1 uses 
the readily available ECC82 double 
triode (equivalent to the North 
American 12AU7) to provide amplifi- 
cation. In Europe, ‘special quality’ 
(SQ) versions of this valve with bet- 
ter specifications and longer service 
life are also available under type 
numbers E802CC апа Е82СС, 
respectively. 

A preamplifier stage is necessary 
to generate signal amplitudes suffi- 
cient to adequate drive a head- 
phone. The triode section with base 
pins 1, 2 and 3 is used for this pur- 
pose. The input signal arrives at the 
circuit board via an external 50-kQ 
logarithmic potentiometer (P1, not 
shown in the schematic) that serves 
as a volume control, and it is directly 
coupled to the preamplifier stage via 
C1. R1 provides the necessary nega- 
tive grid bias. The gain is essentially 
determined by R8, while the maxi- 
mum input voltage is determined by 
R2. R9 is dimensioned such that the 
quiescent anode current is situated 
inthe most linear possible portion of 
the characteristic curve. 

The inverted and amplified input 

signal on the anode is coupled to 
the grid of the second stage via C2. 
The cathode resistor of the second 
stage is split into two resistors (R5 
and R6). The series resistance of R5 
and R6 forms the load resistance, 
while the voltage division provided 
by the resistor pair allows the grid 
bias to be set to the proper level. 
The bias voltage is decoupled from 
the load and stabilised by R4 and 
C3 before being applied to the grid. 
The anode current flowing through 
the triode, which depends on the 
grid voltage and corresponding 
Characteristic curve, generates a 
voltage across the combination of 
R5 and R6 that is exactly propor- 
tional to the current. This voltage is 
in turn fed to the headphone via 
coupling capacitor C4. R7 holds the 
output at ground potential for DC 
signals in order to avoid crackling 
noises when the headphone is 
plugged in. 
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Figure |. Schematic diagram of the amplifier using two ECC82 (12AU7) valves. 
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Figure 2. Two mains transformers are used to generate the high voltage. 
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COMPONENTS LIST 
(Amplifier) 





Resistors: 
RI,R3,RI2,R14 = IMQ 
. R2,RI3 = 4700 








87,818 = 4kO7 
- R&RI токо, 
R9,R20 = 33kQ 
| RIORIIR2I,R22 = 2002 
Capacitors: 
| СІ,С2,С7,С8 = ЦЕ 400V (MKP4 or МК54, 
250У) 


C3,C9 = 47uF 63V radial 

C4,CIO = 470uF 63V radial 

C5,CII = IOuF 400V radial, e.g., Panasonic 
ECA2GHGI00n (Farnell # 219-9320) 

С6,С12 = 47yF 400V radial (e.g. Conrad 
Electronics # 475858) 


_ Valves: 
VI,V2 = ECC82 or I2UAT, with Noval (9- 
way) socket (Chelmer Valve Corp.) 


Miscellaneous: 

JPI = 2-way РСВ pinheader with jumper 

KI = 2-way PCB terminal block, 5mm lead 
pitch 

K2 = 2- way PCB terminal block, 7.5mm 
lead pitch 

PCB, available from The PCBShop 


Power supply 


The power supply for the headphone ampli- 
fier is shown in Figure 2. The high voltage is 
generated using a standard mains trans- 
former. The winding normally intended to be 
used as a secondary winding is connected to 
the 12-V terminals of the actual mains trans- 
former. This results in an open-circuit voltage 
of around 200 VAC on the primary winding of 
the ‘reversed’ transformer, which serves as 
the anode supply transformer. This AC volt- 
age is rectified and then smoothed by C14. 
The DC filament voltage is rectified by 
D5-D8 and then smoothed by C15. The 
capacitors connected in parallel with the 
diodes suppress high-frequency noise gener- 
ated by the diodes. A voltage of 12.6 V is gen- 
erated in a simple manner using an 
LM2940CT12 (for low voltage drop) with a sil- 
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Figure 3. Layout of the amplifier printed 


icon diode in the ground lead. 

LED D10 not only serves as a pilot 
light, but also works together with 
R1 and R2 to provide a minimum 
load and ensure that capacitor C14 
is discharged, even if no load is con- 
nected to K3. 


Layout 


The layout of the printed circuit board 
for the amplifier, as shown in Fig- 
ure 3, is designed such that it is pos- 
sible to use not only ‘normal’ MKS4 
capacitors for C1, C2, C7 and C8, but 
also coupling capacitors with lead 
spacings of 15 or 22.5 mm, such as 
WIMA МЕР4 types. These capacitors 
have higher breakdown voltages and 


Circuit board. 


are physically larger, which makes 
them better for audio purposes. 

For the large-volume electrolytic 
capacitors (C6 and C12), types with 
lead spacings of 5 or 7.6 mm can be 
used, or radial snap-in types with 
lead spacings of 10 mm. The latter 
type of capacitor has a larger diam- 
eter and thus absorbs less heat from 
the nearby valves. Low-inductance 
electrolytic capacitors designed for 
high-frequency switching applica- 
tions should preferably be used, and 
in any case they must be specified 
for operation at 105 °С. 

Power is supplied to the individ- 
ual channels via the combination of 
R10 and R11 or R21 and R22, respec- 
tively. These resistors dissipate 
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around 0.18-0.25 W, depending on 
the supply voltage. Be sure to use 
resistors with adequate power rat- 
ings. There are resistors available 
that can dissipate 0.3-0.4 W with the 
same package size (such as 1/4-W 
metal film resistors), and the PRO1 
series from BC Components can even 
handle 1 W. In any case, it won't do 
any harm to fit these four resistors 
well clear of the circuit board in order 
to improve their cooling. 

In the circuit board layout, atten- 
tion has also been given to keeping 
the signal paths of the two stereo 
channels as widely separated as 
possible. The connections between 
the ground terminals of the four 
anode decoupling capacitors and the 
common ground point are routed 
separately for each channel. Inci- 
dentally, there is one wire bridge on 
the amplifier board (between C5/C11 
and C1/C7). 

The power supply circuit is 
housed on a second printed circuit. 
board, to which the amplifier board 
can be attached in sandwich fash- 
ion. However, the amplifier is some- 
what sensitive to the stray fields 
emanated by the transformers, 
whose magnitude depends on the 
type of transformer used. The 50-Hz 
components in the frequency spec- 
trum (see measurement curves A 
and B) clearly indicate the presence 
ofthe two transformers, which were 
located at distance of 20 cm. Diodes 
D1-D4 are ‘solid’ 1N4002 types, but 
there is enough room for even more 
robust types. Capacitors C5-C8, 
which have a lead spacing of 15 mm, 
must be X2 types. 

If you want to fully eliminate any 
ripple in the filament voltage, you 
can use a 15 V / 20 VA transformer 
for TR1. As this is a slightly larger 
type, it will not fit on the circuit 
board. Although the dissipation of 
IC1 will increase in this case, the 
specified heat sink is fully adequate. 
We also tried using a 15 V / 16 VA 
transformer, but it drew 23 VA from 
the mains (significantly overloaded). 
You are welcome to experiment with 
various transformers; a wide variety 
of results may be obtained, depend- 
ing on the transformer type, open- 
circuit voltage, loaded voltage, core 
size, and material. The winding ratio 
is always determined by the design 
value of the open-circuit secondary 
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Anode voltage filter 











The circuit forms a power RC 
filter that reduces the ripple 
component of an unstabilised 
supply voltage. Naturally, this 
results in a voltage drop of a 
few volts. Here a MOSFET suit- 
able for use with high voltages 
(a BUZAIA, rated at 

500 V / 4.5 A) is wired as a sim- 
ple source follower. The gate is 
very slowly brought up to the 
desired voltage via the RI/CI 
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network. Їс takes four minutes (five RC time constants) for the output voltage to reach 
99 percent of its nominal value. As the valves also take a while to warm up, this delay does 
not matter. The effect of using the filter can be clearly seen in Curve B. 

The voltage drop across ТІ is primarily determined by the gate-source cutoff voltage 
and is approximately 3.5-4 V. The gate is protected against excess voltages by Zener diode 
D1. C2 and C3 are necessary to eliminate the tendency of the circuit to oscillate. No circuit 
board layout has been designed for the filter circuit, but it can easily be built on a small piece 
of prototyping board. The filter dramatically reduces the amplitude of the ripple voltage. 


voltage. For a transformer with a 
nominal secondary voltage of 9 V, 
this can easily be 12 V. 

To balance out the reactive 
power, an X1-type capacitor rated at 
around 150 nF / 250 V can be con- 
nected across the secondary wind- 
ing of TR2. This will cause the anode 
voltage to actually increase slightly, 
but the mains power consumption 
and current will decrease by around 
6-7 percent. 

An advantage of using two trans- 


formers is that the high voltage is isolated 
from the filament voltage. Nevertheless, the 
two ground potentials must be intercon- 
nected. This can be done on the amplifier 
board and/or on the power supply board 
(JP1). 


Construction 


Fitting the components to the circuit boards 
should not present any problems. All com- 
ponents are fitted on the ‘normal' compo- 
nent side. 








The voltage regulator requires a heat sink. 
Its cooling tab is connected to its middle lead, 
which is 0.6 V above ground potential in this 
circuit due to the diode. 

As everybody knows, the electrolytic 
capacitors must be fitted with the correct 
polarity. However, it is also necessary to 
observe the proper polarity when fitting the 
four 1-НЕ capacitors. As the grid terminal is 
the most sensitive point in a valve circuit, it 
must be connected to the inner foil of the 
capacitor. The outer foil, which is sometimes 
marked by a stripe, then has a screening 
effect. 

The Cinch sockets, potentiometer, phone 
Socket and mains switch must be wired 


COMPONENTS LIST 
(Power supply) 


Resistors: 
RI,R2 = 100kQ 


Capacitors: 

С1-СА = 47nF ceramic 

С5-С8 = 47nF 275 VAC, Class X2, lead 
pitch 15mm 

C9 = 2200ЦЕ 25V radial 

С10,С11 = 220nF 

C12 = 10uF 63V radial 

СІЗ = 10nF 400V, lead pitch 7.5mm or 
10mm 

C14 = 47uF 400V radial (BC Components 
# 22215266109, Farnell # 322-7984) 

(BC Components # 22215266479, Farnell 
# 322-8009) 

Panasonic ECA2GHG470 (e.g., Farnell # 
319-9356) 


Semiconductors: 

DI-D4 = IN4002 

05-08 = 144007 

09 — LED red, low current 

ICI = LM2940CT-12 with heatsink, Fischer 
type SK104 (50.8 mm) 


Miscellaneous: 

JPI = 2-way PCB pinheader with jumper 

KI,K3 = 2-way PCB terminal block, lead 
pitch 7.5mm 

K2 = 2- way PCB terminal block, lead pitch 
5mm 

FI = fuse, І00тАТ (slow), with PCB mount 
holder 

TRI = mains transformer 12У / 16УА (ERA 
BV054-5383.0K (Conrad Electronics # 
506575) 

TR2 = mains transformer 12V /10УА (ERA 
BV048-5383.0H (Conrad Electronics # 
506478) 

PCB, available from The PCBShop 





externally, which leaves consider- 
able room for personal choice in 
selecting an enclosure and arranging 
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the controls and connectors. 
The circuit board layout (Figure 3) 
has been kept highly symmetric with 


1 





Figure 4. The power supply printed circuit board can be fitted to the amplifier board 'sandwich' fashion. 
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Curves and sound 


77 Curve A shows the frequency spectrum of a |-kHz signal (1 mW into 600 О). 
-... The distortion components (right channel) amount to 2.3 percent, but this is 
primarily due to the second harmonic. Besides this, an enormous effect can 

7 be seen from the ripple voltage of the unstabilised anode voltage supply. To 
remedy this, we developed an active filter (see box) that almost fully sup- 
presses ће 100-Hz component and its harmonics. The results obtained using 
this filter can be seen in Curve B. The third curve, C, shows the distortion as 
a function of output power. The distortion level increases quite linearly with 
the output power level. The amplifier ‘runs out of room’ at around 5 mW. 
(|... It's almost impossible to describe the performance of a piece of audio 

| equipment using bare figures alone. The most noticeable aspect of the 

sound is dynamic range: what is supposed to be loud is loud, and what is 
- supposed to be soft is soft. The sound is warm and spacious, and although it 
is perhaps slightly lacking in clarity of detailing at the upper edge of the fre- Measurement curve A. Frequency spectrum without a 
quency spectrum for high volume levels, this by no means reduces the pre-filter for the anode voltage. 





enjoyment of opera voices. The sound is very pleasant and remains so 


= during 
extended lis- 
tening. Low 
tones do not. 
present any 
problems, and 
22 itis certainly 

quite enjoy- 
- able to listen 
to music with 
strong bass. 
components, 
such as rock, 
pop and jazz. 














Measurement curve B. Using a filter provides a clear Measurement curve C. The distortion level increases 


1 benefit, with significantly reduced 100-Hz components. linearly with output amplitude. 


regard to its visual aspect, so there 
is no reason not to use an enclosure 
design featuring a visible circuit 
board with its valves and other com- 
ponents. If you would rather conceal 
the circuit board but still wish to 
have the valves visible, you should 
etch the circuit board using a mirror 
image of the layout. In this case, the 
tube sockets are fitted to the copper 
side of the board, with all other com- 
ponents being mounted in the usual 
manner so they face downward after 
the board is fitted in the enclosure. 
All polarisations remain the same. 
All 230-V wiring must be made 
using wire with sufficiently thick 
insulation. It is essential to apply 
additional insulation to the solder 
points and fit an insulating sheet 
between the mounting panel and 
the undersides of the transformers. 
You must also provide for good ven- 
tilation. A double-pole on/off switch 
must be fitted in series with the 230- 
volt wiring. The transformers should 
be fitted in the enclosure as far away 
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as possible from the signal inputs. If heard if the Cinch sockets are open and the 
the transformers are too close to the volume control is turned up full. 
inputs, a typical 50-Hz hum will be (020195-1) 
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Burglar Alarm 


With individual sensor signalling 


Design by E. Martens 


This is a circuit of a simple but effective burglar alarm, which shows the 
status of each sensor with a separate LED. This allows you to see at a 
glance whether any doors or windows aren't closed properly before 


switching the alarm on. 


f А sg: : 
“Май Specifications 
- — Maximum number of sensors that can be 
connected: 8 
— Monitoring and signalling of each sensor 
for activation and cable continuity 
| — Tamper input 
— Panic pushbutton 
- Exit delay: 60 seconds 
| - Entry delay: 60 seconds 
— Power supply: 230 Vac or backup battery 
— LEDs indicate: 
- alarm armed 
- alarm activated 
- tampering 
- backup battery active 
— Outputs: 2 (12 Урс, 500 mA) 
—Alarm duration: 60 seconds 


Please note: Readers Circuits have not been te 
post-engineered by the Elekto 








This article describes a design of a burglar 
alarm that can monitor up to eight sensors. 
The status of each individual sensor is indi- 
cated with an LED. This LED shows whether 
the sensor has been activated and whether 
the wiring to the sensor is in order. 

Obviously, this burglar alarm also has an 
input to 'arm' the alarm, a tamper input апа 
a couple of outputs to control a siren and/or a 
strobe light. The alarm is also fitted with a so- 
called 'panic button'. 


Circuit description 


The burglar alarm is built around the 
AT89C51 microcontroller from Atmel. This 
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microcontroller provides all the func- 
tionality of the burglar alarm. It also 
takes care of (software) filtering of 
the signals at the inputs. Only after 
an input has remained unchanged 
for 30 milliseconds, is this new sig- 
nal level passed on for processing by 
the microcontroller program. 

The schematic for the burglar 
alarm (Figure 1) is simplicity itself 
and only a small number of compo- 
nents are required. 


Sensors 


A maximum of 8 sensors can be con- 
nected to the burglar alarm. These 
can be found along the left side of 
Figure 1. These sensors need to 
have their contacts closed when in 
the inactive state (ie. Normally 
Closed). In addition, each sensor 
needs to have its tamper connection 
wired as well. A power supply volt- 
age of +12 Vpc is available for each 
sensor at the corresponding wiring 
terminals (K3 through K10). 


Operation 


The alarm is switched on by opening 
key switch S1, at which point the so- 
called 'exit-delay' begins. This time 
delay (60 seconds) allows you to 
leave the protected area without 
triggering the alarm. The alarm is 
deactivated when key switch S1 is 
closed. 

If a sensor contact is opened 


when the alarm is armed and after 
the exit-delay has expired, the entry- 
delay (60 seconds) will begin. Under 
normal circumstances, the alarm will 
be deactivated with key switch S1 
during the entry-delay. In the event 
of a burglary, the alarm will trigger 
after the entry-delay has expired. 
The entry-delay can only be inter- 
rupted by switching the alarm off 
with key switch S1. 

The special 'panic button' 82, can 
be used for those situations — what- 
ever the reason may be — that 
require the alarm signal to be acti- 
vated. The alarm signal will be acti- 
vated immediately, independent of 
the armed or disarmed status of the 
burglar alarm. The alarm will be 
silenced after 60 seconds or after 
pressing the panic button again. 


Sabotage 


The purpose of tamper input K11 is 
to detect tampering attempts when 
the alarm is armed. Possible scenar- 
ios are opening of the burglar alarm 
enclosure, the cutting of cables, etc. 
The tamper input needs to be nor- 
mally closed (NC). A number of NC- 
contacts and wires can be con- 
nected in series (the cables to the 
alarm sensors, for example). 


Signalling 
Eight LEDs (010 through D17) indi- 
cate the status of the corresponding 
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Figure 1. The alarm consists mainly of а microcontroller, a number of sensor inputs and a set of indicator LEDs. 


sensors. When the alarm has been 
activated, the LED of the sensor that 
caused the alarm will light up, or 
flash in the event of a cable failure. 

When the alarm is armed, the 
LED ‘alarm armed’ (018) will flash 
during the exit-delay. After the exit- 
delay, the LED will light continu- 
ously. D18 turns off, of course, when 
the alarm is disarmed. 

The LED ‘alarm triggered’ (019) 
flashes during the entry-delay and 
will turn on continuously once an 
actual alarm has been generated. 
D19 turns off only when the alarm is 
switched off with key switch S1. 
When an alarm has taken place, it 
can be determined afterwards 
which sensor (or tamper input) 
caused the alarm to trigger. 

The LED 'tamper' (D20) lights up 
when the tamper input (K11) is 
opened. This LED will also continue 
to be on until the alarm is switched 
off. 

Finally, the LED ‘battery opera- 
tion' (D22) indicates that lead-acid 
battery BT1 has taken over the 
power supply for the burglar alarm. 
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Outputs 


The burglar alarm is provided, from 
the viewpoint of reliability, with two 
separate outputs (K12 and K13). Both 
outputs are controlled by a BUZ11 
(T1 and T2) and can switch up to 
500 mA at 12 V. This is more than 
enough for all common signal sources 
such as strobe lights and sirens. If 
more power is required or a signal 
source with a different voltage needs 
to be controlled, then a 12-V relay can 
be connected directly to the alarm 
output and it in turn can then switch 
the signal source on and off. 


Power supply 


The circuit is provided with its own 
mains power supply. It follows the 
usual design of transformer, bridge 
rectifier (D1 through D4) and filter 
capacitor (C1) and generates an 
input voltage of about 18 V for volt- 
age regulator IC1. With the addition 
of diode D5 in the ground connec- 
tion, the output voltage if IC1 
amounts to about 12.65 V. This volt- 


age is subsequently reduced to about 12 V 
by diode D7. Voltage regulator IC2 in turn 
changes this 12 V into a stabilised 5 V power 
supply voltage. 

In the event that the mains voltage at K1 
disappears, the 12-V lead-acid battery con- 
nected to K2 will immediately take over the 
power supply for the circuit. The battery is 
continually being charged via resistor R1 and 
diode D6, when the mains voltage is present. 
D7 and D8 prevent the charging current from 
flowing in the wrong direction. 


Software 


The software that is required for the alarm is 
of a relatively simple design. The flow chart 
shown in Figure 2 illustrates this. This really 
shows a kind of logical summary of all the 
things that have been described above. 

After the reset-phase of the microcon- 
troller, all the LEDs are switched on for a 
period of two seconds. This allows for a quick 
lamp test to check if all the LEDs are func- 
tional and are connected correctly. 

In the source code for the software, the 
values for the various timers can easily be 
adjusted to suit your own requirements. It 
concerns the following timers: 
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Figure 2. This flowchart makes it obvious how the software has been designed. 


timer variable 
panic timer PANVAL 
exit-delay timer UITVAL 
entry-delay timer INLVAL 
output X active ALXVAL 
output Y active ALYVAL 


default (s) 
60 


60 
60 
60 





Incidentally, the software for the bur- 
glar alarm (ref. no. 020422-11) can be 
downloaded free of charge from 
the www.elektor-electronics.co.uk 


website. 


Figure 3. A practical implementation of the burglar alarm separates the control and indication 


from the other parts. 


Construction perils 


It is recommended to build the bur- 
glar alarm into two separate enclo- 
sures, as illustrated in the sketch of 
Figure 3. 

The larger enclosure contains the 
more important part of the circuit, 
including the power supply and 
lead-acid battery, but excluding the 
controls and indicators. This enclo- 
sure needs to be mounted in a place 
that is relatively difficult to access. 
This enclosure actually has only 
cables going in and out of it. When 
building the mains power supply, 
keep the relevant safety require- 
ments in mind and provide sufficient 
isolation and a good strain relief 
(grommet) for the mains cable. 

The enclosure for the LEDs and 
switches needs to be mounted in an 
easily accessible place, of course. 
Because of the way the circuit is 
designed, damaging this enclosure 
will have no influence on the correct 
operation of the burglar alarm (the 
key switch to operate the alarm is 
normally closed). It is also recom- 
mended to include this enclosure in 
the tamper circuit. 

To prevent the burglar alarm from 
being easily circumvented without 
this being detected, it is necessary 
that the cables to the sensors are 
located in such a way that they are 
difficult to access. These cables can 
also be included in the tamper cir- 
cuit. 5 

А practical application of the tam- 
per circuit is shown in Figure 3. A 
switch (normally closed) i$ also 
included in the tamper loop. This 
switch needs to open in the event 
that the enclosure is opened or van- 
dalised. 

If not all sensor inputs are being 
used, the alarm contact and tamper 
contact of each unused sensor needs 
to be shorted out. 
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Relaxation Machine 


A servo-powered pendulum 


Design by B. Kainka 


It is a generally known and accepted fact that servos used in radio- 
controlled models see very little or no use outside the model flying, racing 
or boating season. A pity, considering these devices can be used for many 


useful tasks... 


For example, a servo that's not used anyway 
could be attached to a large pendulum of 
which the smooth and steady motion may 
help people relax and even fall asleep. For 
this (psychological) effect to be achieved the 
movement has to be sine-shaped like that of a 
real and very long pendulum. 

The small circuit of the Relaxation 
Machine you find in Figure 1 consists of two 
parts. A pulse generator based on a 555 sup- 
plies positive pulses with a length between 
1 and 2 ms (‘mark’) and a pause of 20 ms 
(‘space’), representing a typical servo control 
signal. In addition there's a sinewave gener- 
ator designed to supply a very low frequency 





of about 0.25 Hz which corresponds 
to one full period in four seconds. 
The sinewave generator employs a 
phase shifting network and supplies 
a sinewave with very low distortion. 
If you want to lengthen the period, 
simply increase the value of C1, C2 
and C3 a little. 

The generator drives the control 
input of timer component IC1 via an 
electrolytic capacitor. 1С1, by the 
way, should be a 7555, 555C or 
another CMOS version of the 555. 
The generator drive scheme ensures 
that the timer ‘mark’ duration is con- 


trolled, while the ‘space’ length is 
not affected. 

A РСВ was designed for the Relax- 
ation machine (see Figure 2). Like all 
PCB designs that appear in this mag- 
azine the artwork files to enable you 
to make your own board may be 
found among this month's Free 
Downloads on the Publisher's web- 
site at www.elektor-electronics.co.uk. 

With the board available, the cir- 
cuit should be easy to build up. All 
you need to do is follow the parts list 
and the components mounting plan. 
There is one wire link on the board 
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Figure 2. PCB design. 
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Figure 3. Servo pinouts. 


which should not be forgotten. The 
linkis best made using thin isolated 
wire because it runs dangerously 
close to the pins of IC1. 

Positions T1 and T2 can take 
almost any NPN transistors with a 
sufficiently high gain. In most cases, 
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this means that C suffix devices will 
work best, i.e., the h; should exceed 
about 300. Suggested types include 
the BC547C, BC548C, BC549C and 
BC550C. 

Preset P1 is adjusted until the 
servo covers the full motion in both 


MINIPROFCT 


directions without hitting any of the stops. If 
the elongation (the distance the between a 
moving body and the point of origin) is too 
small or too large, you may need to experi- 
ment a little with the value of R1. If you make 
the resistors too small («10 kQ) then the 
oscillator will no longer oscillate. Capacitor 
C4, too, has an effect on the amplitude. 

The current consumption of the circuit is 
ofthe order of 10 mA excluding the servo. 

The 3-way pinheader in position K1 will 
allow most servos to be connected up easily. 
If you are using a ‘less than standard’ servo, 
then a small adapter may be required. The 
connections of a couple of well-known servos 
are shown in Figure 3. 

Using our circuit, a correctly connected 
servo will turn slowly, describing a pure 
sinewave, its period being about equal to 
that of a pendulum with a length of four 
metres (!). Of course, you may also attach a 
smaller pendulum, a painted carton board or 
another ingenuous creation to the servo spin- 
dle, provided is not too large or heavy 
(because of the mechanical load on the 
servo). 

The swinging pendulum has a relaxing 
effect, while the sound of the servo motor at 
such a low speed is not unlike snoring. 


Warning 
This circuit should not be used on (or by) per- 
sons with an epileptic or narcoleptic condi- 
tion or subject to easy hypnosis. 

(0101221) 


COMPONENTS LIST ed 


Resistors: 

RI = 15kQ 
82,83,84 = 100kQ 
R5, RB = IkO. 

R6 = 10kQ 

R7 = 220kQ 

PI = 10kQ preset 





Capacitors: 
CI.C2,C3 = 22uF 10V 
C4, C6 = 220uF 10V 
C5 = 100nF 


Semiconductors: 

DI = IN4148 

TI. T2 = BC 549C 

ICI = 555C or 7555 (СМО5) 


Miscellaneous: 

KI = 3-way pinheader 

2 solder pins 

РСВ, available from The PCBShop 
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LED Roulette 


using LEDs instead of a ball 


Design by Р Goossens 


Everybody gambles sometimes, perhaps in a lottery or even in a casino. After 
all, who doesn't dream of becoming rich without having to work hard? 
Although you can't win much with the LED roulette wheel described here, it 
does provide an excellent opportunity to practice the game of roulette at 
home in an honest manner. That's because you can't cheat with this version 
— the microcontroller that controls the LEDs doesn't take bribes! 





The game of roulette has been known for cen- 
turies, and it is played all over the world. In 
order to make it easier to play this game at 
home, here we a present an electronic roulette 
game. This electronic version only replaces the 
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turntable, which is the dished wheel 
used with a small ball to select a ran- 
dom number for each round of the 
game. You will have to make the play- 
ing field and the counters yourself. 


Roulette 


In the game of roulette, a random 
number is chosen for each round 
using a dished, spinning wheel 
within which a small ball circulates 
in the opposite direction. The ball 
ultimately lands in one of 37 com- 
partments (numbered 1-36 and.0), 
with each compartment having a 
colour (black, red or green). The play- 
ers can bet on the number, colóur, 
etc, of the compartment where the 
ball ends up. Н 
Roulette is not played very often 
at home, since it requires a proper 
roulette wheel. Any irregularity in 
the construction of the wheel will 
distort the probabilities and thus 
make the game unfair. A good 
roulette wheel is not cheap, and it 
also takes up a lot of space. An elec- 
tronic version provides a solution to 
these problems: it doesn't cost a lot 
and it doesn't take up much space. 


Implementation 


In this circuit, the circulation of the 
ball is simulated by a number of 
LEDs arranged in a circle. 

Our electronic wheel has more to 
offer than just a simulation of a cir- 
culating ball. As anyone who has 
ever visited a casino knows, at first 
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the Бай rolls quite smoothly over the 
surface of the wheel when it is spun. 315v 
But after the ball has lost speed and 
hits one of the compartment walls, it 
starts jumping all over the place. Our 
wheel shows the same characteris- 
tics, but if you would rather have the 
ball exhibit a ‘wheel of fortune’ type 
of behaviour, you can configure the 
circuit for this using a switch. 








Another nice feature of our 
‘wheel’ is that as soon as the ball 
has stopped, the circuit automati- 
cally indicates whether the present 
number is higher or lower than the 
previous number. This means that in 
addition to the usual manners of 
playing roulette, you can also bet on 
whether the next number will be 
higher or lower than the current 
number. 




























Schematic diagram 


Figure 1 shows the schematic dia- 
gram of the roulette wheel. As is 
common nowadays with relatively 
complex digital circuits, it is based 
on a microcontroller. 

In this case the microcontroller is 
an AT89C2051 (IC1), which requires 
only a small number of external com- 
ponents. C12 and R41 generate a 
reset signal when the supply voltage 
is switched on. X1, C1 and C2 ensure 
that the internal oscillator of IC1 
generates a 12-MHz clock signal. 
The user controls are provided by a 
regular switch and a push-button 
switch (S2 and S1), each of which is 
directly connected to an I/O pin of 
the microcontroller. 


The visual representation of the 
simulated ball is provided by 40 g T n IS @ af 2 
LEDs (01-040), with each LED hav- = ics 


idi 

ing its own series resistor (R1-R40). me © iva © pon. © mO 
The LEDs are driven by 8-bit latches 
(IC2-IC6). 
LEDs D1-D37 are arranged in a cir- 
cle, and they represent the various 
compartments of the wheel. LED. Figure 1. The schematic diagram of the roulette circuit: 40 LEDs controlled by a 
D38 indicates that the value of the Microcontroller. 
most recent spin is higher than that 
of the previous spin. By contrast, 
LED D40 indicates that the value of battery, whose voltage is reduced to Resistors R42 and R43 are present 
the most recent spin is lower than 5 V by IC7 to meet the demands of because P1.0 and P1.1 are the only 1/О pins 
that of the previous spin. LED D39 the digital components. Naturally, of the AT89C2051 that do not have internal 
lights up as soon as the ‘ball’ stops the necessary buffer capacitors and pull-up resistors. This allows these two ports 
moving. decoupling capacitors are also pre- to double as analogue inputs. However, in 

The circuit is powered by a 9-V sent in the circuit. this circuit pull-up resistors are needed for all 
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bits of port 1, so R42 and R43 have been Construction electronic roulette game. A double- 
added to ensure that a well-defined ‘high’ sided printed circuit board is used 
signal is also present on bits 0 апа 1 when Figure 2 shows the printed circuit here, because otherwise too many 
their outputs are not low. board that has been designed forthe wire bridges would be needed to 
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COMPONENTS LIST 


Resistors: 
RI-R40 = 1kQ 
R41-R43 = 10kQ 
Capacitors: 
С1,С2 = 22pF 
С3-С10 = 100nF 


CII = 10дЕ 16У radial 
C12 = IF 16У radial 


Semiconductors: 

01,038,040 = LED, 3mm, green, 
low current 

02,04,06,08,р10,012,014,016, 
D18,D20,D22,D24,D26,D28,D30, 
D32,D34,D36,D39 — LED, 3mm, 
yellow, low current. 


allow the LEDs to be arranged in a 
nice circle. 

Little needs to be said about 
building the board. Just solder 
everything where it's supposed to 
be and you're all set. Of course, you 
must pay attention to the correct 
polarisation of the LEDs, ICs and 
electrolytic capacitors. Sockets can 
be used for the ICs, but they are not 
necessary if you have a certain 
amount experience with soldering. 
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03,05,07,09,011,013,015,017, 
019,021,023,025,027,029,031, 
D33,D35,D37 = LED, 3mm, red, 
low current 

ІСІ = 89C2051-12PC, programmed, 
order code 030168-41 

IC2-IC6 — 74HCT373 

1С7 = 7805CP (TO-220 case) 


Miscellaneous: 

KI = 9V battery with clip and on/off 
switch (optional) 

SI = pushbutton with make contact 

52 = on/off switch 

ХІ = 12MHz quartz crystal 

PCB, order code 030168-1 

Disk, contains source and hex code 
files, order code 030168-11 or Free 
Download 


If desired, all of the LEDs can be 
fitted on the solder side of the board, 
but that naturally depends on what 
sort of enclosure you plan to use. 

The switches can also be con- 
nected to the board using lengths of 
wire, so they can be fitted at the 
side of the enclosure if so desired. 
You can also fit an on/off switch at 
the side of the enclosure and con- 
nect it in series with the battery 
connector (K1). 


©) ©) (©) (©) (о) (о) (о) ©) (о) о) (с) с) о) оу су о |о) ©) (о) 





Сопс1ивїоп 


The software for the AT89C2051 was written 
in C and compiled using the Keil C51 com- 
piler, for which (as you probably know) an 
evaluation version is available free of charge 
(http: il.com/demo) .As 
the source and hex code are available from 
the Elektor Electronics website under num- 
ber 030168-11 (and naturally on diskette as 
well), you can adapt the program to your own 
wishes if so desired. To do this, in addition to 
the compiler you will need to have a certain 
knowledge of the C programming language 
and a programmer for the AT89C2051. 

If you have no desire to modify the pro- 
gram or do your own device programming, 
you can simply purchase a pre-programmed 
version from Readers Services (order number 
030168-41). 





Free Downloads 


Microcontroller software. 
File number: 030168-11.2їр 

PCB layout in PDF format. 
File number: 030168-I.zip 

www.elektor-electronics.co.ul/dl/dl.htm, 
select month of publication. 
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The Sense Resistor 


in step-up converters 


By K.-J. Thiesler 


Sense resistors in series with the load are central to regulating current in 
switch-mode power supplies. It is possible to optimise the power loss in 
these resistors, as we show with an example converter circuit that drives 
eight white LEDs from a 4.8 V battery. 


Switch-mode regulator ICs generally include 
a reference voltage generator and a differen- 
tial amplifier. This combination is used to 
compare the voltage dropped across an exter- 
nal sense resistor with the reference and then 
suitably drive the output stage. The voltage 
drop across the resistor must be of the same 
order of magnitude as the reference, which in 
modern DC-DC converters is around 1.2 V. 
However, particularly when high currents are 
involved, this can mean an unreasonably 
large amount of power is wasted. With the 
following elegant circuit we can reduce the 
voltage drop across the sense resistor and 
hence reduce the power wastage. 


Key points 
Figure 1 shows a typical switching regulator 
configured to drive eight white LEDs from a 
4.8 V battery supply. The switching regulator 
has to produce a voltage О gp pias across the 
LEDs of nominally 4 3.5 V = 14 V. The volt- 
age actually required in practice is not impor- 
tant here, since the LEDs are driven with a 
regulated current rather than at a regulated 
voltage. A DC current of nominally 40 mA 
should flow through each chain of LEDs. 
Resistor R4 serves here as the sense resis- 
tor: the voltage Од, which depends on the 
LED current, is brought to the feedback pin 
(pin 3) of the switching regulator IC as Ugg. 
The output is controlled so as to make the 
feedback voltage 1.233 V. In standard appli- 
cations point A is connected directly to pin 3. 
Then Ugg = Од = R4 - 1 єр, and the power 
dissipated in R4 can be calculated as follows: 
Pra = Од ` lyen = R4- Igp With a feedback 
voltage of 1.233 V we require a sense resistor 
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Figure |. Modified step-up converter. 


of around 30 Q, and the power dissi- 
pated in it will be 50 mW. 

The alternative circuit uses a resis- 
tor R2 in series with the feedback con- 
nection. A constant voltage source of 
Ustas = 3.000 V (generated by a 
MAX6063) is connected to point B via 
R1. Now, in order to generate a feed- 
back voltage of 1.233 V, we require a 
much lower sense voltage at point A. 
Resistor R4 can be reduced signifi- 
cantly (to a theoretical value of 7 О), 
and the power dissipated in it is cor- 
respondingly reduced. 

The circuit with the auxiliary volt- 
age reference generator also gives 





026430- 1 


us a simple way to adjust the output 
current. To do this we also connect 
up a further voltage source Чар, 
adjustable from 0 V to 3 V, via R3. 
In order to calculate the resistor 
values, we start from the fact that a 
current of 45.3 pA will be flowing in 
R1 (39 КО). If Up; is set at 1.233 V, 
then no current will flow in R3 and 
so this path will not have any effect 
on the circuit: all the current flowing 
in R1 will flow through R2. From the 
graph in Figure 2 we can see that а 
voltage Од of 144 mV corresponds to 
a voltage Uap; of 1.233 V, and so R2 
should have a value of 24 КО. 


Elektor Electronics 1/2004 





The LED current should be 
adjustable from 0 mA to 50 mA. 
This corresponds to a voltage 
across R2 from 144 mV lower to 
206 mV higher than the value just 
considered. To achieve the latter, R3 
must draw a curent of 
206 mV/24 КО = 9.58 uA to ground. 
This means R3 should be 144 kO. 

In order to calculate all the values 
exactly we can use Kirchhoff's cur- 
rent law, which states that the sum 
of the currents into a junction (here 
point B) is zero. 


Analogue or PWM? 


With Up, at 3 V the switching con- 
verter stops operation and its quies- 
cent current in this mode is 28 pA. 
With Одру at 0 V the converter oper- 
ates at its maximum frequency and 
the LEDs light at full brightness. 
Using this analogue control signal 
we can obtain adjustable brightness 
with good EMI emissions character- 
istics since there are no edges of a 
PWM control signal to get through to 
the LEDs. What may be a disadvan- 
tage is that the varying current 
through the LEDs results in a change 
in the emitted colour: the wave- 
length of the light emitted by an LED 
is dependent on the bias current. It 
is necessary to decide whether this 
shift in colour will be acceptable or 
not in each individual application. If 
analogue control of the output cur- 
rent is not desired, then connect 
Uap, directly to Ugias or simply omit 
the circuit involving R3 altogether. 
Brightness control without affect- 
ing the resulting colour can be 
achieved using PWM. To this end the 
enable pin EN of the regulator should 


not be connected to the battery volt- 
age: remove jumper J2 and instead 
drive EN from an external PWM signal 
via K7. This way it is possible not only 
to control the brightness from 0 % to 
100 % in ‘current mode’, but also to 
exploit the brightness-enhancing 
effect of using double the nominal cur- 
rent pulsed at a frequency of 1 kHz 
with a duty cycle of 10 %. This gives 
the subjective effect of ten times the 
expected light intensity. In this case 
the values for R1, R2 and R4 need to 
be recalculated. At such a high cur- 
rent the voltage drop across a white 
LED can rise as high as 5 V, and this 
should also be taken into account. See 
also the article 'LED Arrays' in the 
April 2003 issue of Elektor Electronics. 

The disadvantage of this method 
is of course that the LED current is 
pulsed and so the EMI characteris- 
tics are worsened. To mitigate this 
the LEDs should be mounted directly 
next to the regulator and the con- 
nections should be kept as short as 
possible. The datasheet recom- 
mends using a frequency of 100 Hz 
to 500 Hz at the enable input in 
PWM mode. In fact somewhat higher 
frequencies of 1.5 kHz to 2.5 kHz (but 
no higher) are more efficient. Below 
100 Hz the pulses of light are visible 
to the eye. A PWM signal at a fre- 
quency of 1 kHz and an adjustable 
duty cycle in the range 0 % to 10 % is 
optimal both for the switching regu- 
lator and for the LEDs. 


Components 


Of course, the circuit as presented 
here is only a building block. Control 
circuitry, reverse polarity protection 
and overvoltage protection on the 
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Figure 2. Effect of potentiometer voltage on 
LED current. 


inputs all need to be added. Then the circuit 
has to be tested in practice. It's therefore 
worthwhile to take a brief look at the compo- 
nents used in the circuit. 

The key component is the TPS61040 step- 
up converter, in an SMD package. The effi- 
ciency of this device when used as a current 
source is between 70 % and 85 %. The output 
voltage can go as high as 28 V, and so it is 
capable of driving up to six white LEDs. 
Internally the devices uses two-point regu- 
lation, and it can operate reliably with an 
output capacitor of only 100 nF. The peak 
current is regulated using pulse frequency 
modulation at a frequency of up to 1 MHz 
and the interval between pulses is guaran- 
teed to be at least 400 ns. Stable operation 
with such a small output capacitor is only 
possible at such a high switching frequency. 
The voltage at the FB input is monitored 
using an internal comparator. The reference 
voltage Орр is 1.233 V. 

The internal power switch is turned off 
when the current through the coil exceeds 
400 mA: this is the second point of regulation. 
The next pulse is started when the minimum 
interval between pulses of 400 ns has expired 
and the sense voltage Upg has fallen below 
the sense voltage reference Upp. 

This regulation scheme runs in discontin- 
uous mode, which means that as soon as the 
two criteria mentioned above are met the 
next cycle starts. The PFM switching fre- 
quency is therefore dependent on the input 
voltage, the output voltage, the inductance 
and the output current. The maximum pulse 
width is 6 us. This way the device achieves 
its very high efficiency, without using exter- 
nal MOSFETS, over the entire range of load 
currents, and the tolerance of the coils and 
output capacitors is not critical to operation. 

The switching current through the N-chan- 
nel MOSFET is internally limited to a maxi- 
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mum of 400 mA in this modern IC, which 
effectively prevents possible saturation of the 
coil by limiting the duration of the PFM 
pulses. Naturally the device features 'soft 
start' and can operate reliably at full load 
even with batteries that are practically 
exhausted. In the first group of pulses the 
current through the switching transistor is 
limited to one quarter of its maximum value; in 
the next group to one half of its maximum; 
and then after 512 pulses the full current is 
allowed to flow. If the input voltage falls 
below 1.5 V the internal MOSFET is switched 
off. 

The effective series resistance of the out- 
put capacitor C2 has a significant effect on 
the efficiency and switching behaviour of this 
type of boost converter circuit. Normally a 
ceramic capacitor is required, but the 
TPS6104x can also manage with inexpensive 
tantalum capacitors. If a value greater than 
100 nF is chosen — as would be required in 
applications where low output noise is impor- 
tant — the EMI emissions characteristics are 
made worse. 

For the switching diode, a Schottky type 
with low leakage current is called for. The 
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SS24 SMD diode in a type B package 
(DO-241 AA) from Fairchild is readily 
available and has a low forward volt- 
age. Alternatively the 10BQ015 from 
International Rectifier (in the same 
package) can be used, or the more 
recent MBR0520LT1, a device with a 
low leakage current offered by ON 
Semiconductor in an SOD123 pack- 
age. 
The MAX6063 reference voltage 
generator, available in an SOT23 
package, produces a precise output 
voltage of 3.000 V. The output noise 
is extremely low and no output 
capacitor is necessary. Its input volt- 
age can be from 3.2 V to 12.6 V, and 
it has a negligible current consump- 
tion of 90 uA. If this boost converter 
circuit is used as part of a larger cir- 
cuit, there will often be a reference 
voltage source already available 
which can of course be used instead 
ofthe MAX6063. 

The inductor L1 is a tiny drum- 
core coil which can easily be made 
by hand. Be sure that the core mate- 


rial used is suitable for the switching 
frequency of the regulator The 
DO1608C-103 by Coilcraft is ideal. In 
no circumstances should an ordinary 
suppressor choke be used. 


Printed circuit board 


When designing a printed circuit 
board it is essential to observe a 
‘switching supply’ layout in order to 
keep the electromagnetic interfer- 
ence emissions as low as possible: 
SMD components, wide tracks kept 
as short as possible where high cur- 
rents flow, and a ground plane on 
the underside of the board. 


Reference 

The circuit is adapted from the article 
Extending Battery Life of a White Light 
LED Driver by Michael Day of Texas 
Instruments: the original is available on 
the Internet at 


www.chipcenter.com/analog/c07 I htm. 
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SUMMER CIRCUIT COMPILATION BOOKS 

De 30x series of Summer Circuit compilation books have been bestsellers for many years. You can 
use these books not only for building the circuits described, but also as a treasure trove of ideas 
or circuit adaptations for your own experiments. Since the series was started in the early 1980s, 
many readers have found in these books that new approach, new concept, or new circuit they 
were looking for. Not surprisingly, our 

30x books are now firmly established as collector's items, and carefully preserved by thousands of 
professionals and hobbyists around the globe. Circuits and design ideas included for: audio, 
video, music, car, bicycle, home, garden, games, radio, software, test and measurement, PC and 
peripherals, power supplies, computer hardware, ond more. 300 Circuits, 301 Circuits, 303 
Circuits and 306 Circuits are now out of print. 






302 Circuits 307 Circuits 
354 pages, size 14 x 21 cm, soft cover 342 pages, size 17 x 23.5 cm, soft cover 
ISBN 0-905705-25-4 ISBN 0-905705-62-9 
RAP £10.35 (USS21.00) RRP £18.20 (05537.00) 
304 Circuits 308 CIRCUITS 


(367 pages, size 17 x 23.5 ст, soft cover 
ISBN 0-905705-66- 
RRP £18.20 (055 37.00, 


366 pages, size 17 x 23.5 ст, soft cover 
ISBN 0-905705-34-3 
RRP £13.45 (05527.00) 


305 Circuits 

369 pages, size 17 x 23.5 cm, soft cover 
ISBN 0-905705-36-X 

RAP £15.55 (USS31.00) 


2003) 





Just like previous editions, the crop of 2003 supplies all ingredients to allow 
the modern electronics kitchen to cook and serve a wide range of recipes 
ranging from appetizers and cocktail snacks right up to the main dish, not 
forgetting salads and desserts, of course. The ingredients are hundreds of 
programs that can be run on various operating systems, linked directly or 
indirectly to electronics in general, programming, microcontrollers for sure, 
but also to many allied areas. 

Besides the usual sections (CAD, Audio, Calculation Tools, Programming, 
Simulation, etc.) the 2003 edition of the Freeware & Shareware CD-ROM 
contains a collection of ‘must-haves’ which are not specifically linked to elec- 
tronics, but valuable when it comes to writing or manipulating programs and 
files (assembly code, C, Delphi and others). This collection comprises utilities 
like xnView (for graphics file visualisation), dirprint (file, directory and subdi- 
rectory listing), Total Commander (previously known as Windows 
Commander) and other ingenious tidbits covering functions like file renaming. 






ШЕ. 
See also 
www.elektor- 
electronics.co.uk 
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Inexpensive, multifunctional and in-circuit programmable 


Design by L. Hamers 


This microcontroller board is a standard 805 | -based system, with a few 
extras that make it suitable for use as a development system or control 
module for a larger system. Its most important features in this regard are 
on-board Flash memory programming via the serial RS232 port, direct 
on-board program debugging and low cost. 


Features 


— 80С552 microcontroller clocked 
at 11.0592 MHz 


— 64 KB Flash ROM, 32 KB RAM 
= in-circuit programmable 
(max 64 KB) 


— compatible with the М5С1210: 
source code debugger for in-cir- 
cuit debugging 

— address logic fully implemented 
in GAL 


— nine chip-select signals for exter- 
nal devices connected to the 
data bus 


— eight 10-bit A/D inputs or eight 
digital inputs 

— eleven free I/O pins 

— PC bus 

— watchdog timer, battery voltage 
monitor, RAM backup battery 

— true RS232 interface (MAX232) 


— two 36-way pin headers (2.54 
mm) for all connections 
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Figure 1. Flash ROM configuration in 
normal mode. 


0008 
‘0000 





Figure 2. Flash ROM configuration in 
debugging mode. 





Figure 3. The third mode is used to 
program the Flash ROM. 
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A variety of microcontroller boards 
based on 8051 successors have 
already been published in Elektor 
Electronics, but this one has several 
features that clearly distinguish it 
from the rest. Read on to learn the 
details! 


Operating principle 


Normally speaking, with a microcon- 
troller the program is read from the 
ROM, while the RAM is used to store 
variables and data. However, during 
Software development it is handy to 
also have the program in RAM, since 
this allows it to be easily and quickly 
modified. For programming the Flash 
memory, it is also necessary to have 
the program in RAM, since is it not 
possible to program a Flash ROM 
and execute a program from it at the 
same time. It is thus necessary to 
have a mechanism for switching 
back and forth among various oper- 
ating modes. The following modes 
are possible: 

- debugging 

— Flash programming 

- normal 


The 80C552 microcontroller can only 
address 64 KB of the Flash memory, 
since it has only 16 address lines. In 
debugging mode, part of the Flash 
memory must be used for the moni- 
tor program, which reduces the 
amount of memory available for the 
application program in normal mode. 
As the 29F010 Flash ROM has a 
capacity of 128 KB, half of it is not 
being used. However, with a bit of 
clever circuit design we can use the 
A16 address pin to switch between 
the two halves of the Flash ROM 
under control of a port line, which 
we call Debug/Run (or D/R for short). 


Normal mode (Figure 1) 
This mode is used after program 
development has been completed 
and the board is built into a stand- 
alone system. In normal mode, the 
Flash ROM is used as program mem- 
огу over the entire memory address 
range of 0000 to FFFF (64 . The 
D/R (Debug/Run) line is set to '0' in 
this mode, which means that A16 of 
the Flash ROM is also set to ‘0’. 

The program for the normal mode 
is located in the lower half of the 
Flash ROM in the address range 
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between 00000 and OFFFF (here an extra 
digit is used compared with normal 
addresses because the ROM is twice as big 
as the normal 64-K address region). 

For data memory, there are 32 KB of SRAM 
in the address range from 8000 to ЕЕЕЕ Mem- 
ory-mapped 1/O devices can be connected in 
the lower, unused portion of the data mem- 
ory address range (0000 to 7FFF). A total of 
nine chip-select signals are available for this 
purpose: СЕО through CE7 for addresses 0000 
through 00070, and CE IO1 for the remainder 
ofthe region (0008 through 7FFF). 


Debugging mode (Figure 1) 

The software provided with the MSC1210 
development platform recently described in 
Elektor Electronics includes a source-level 
debugger called SLD51. This debugger lets 
you to copy a program to the board via the 
serial port and then the run the program, stop 
it, allow it to run one step at a time, and 
examine variables. It is also possible to set 
breakpoints, which cause the program to stop 
at certain points so you can look for problems. 

In debugging mode, the Flash address 
range from 10000 to 17FFF is mapped onto 
the range 0000 through 7FFF for the micro- 
controller. This part of the Flash memory con- 
tains a combined operating system and mon- 
itor program called 05552. As the port lines 
of the microcontroller are set to '1' following 
a reset, the monitor program is started at 
Flash address 10000 after a reset. The upper 
32 KB of the Flash memory cannot be used, 
since the RAM is addressed as both program 
and data memory in this range. 

This is necessary for two reasons. First, it 
allows a given program to be tested in mem- 
ory (RAM) using the monitor program, and 
second, it makes it possible to run this pro- 
gram. Memory-mapped I/O is located in the 
same region as in normal mode, so it can also 
be tested during debugging. 


Programming mode (Figure 3) 

The third mode is used to program the Flash 
ROM. As it is not possible to erase and repro- 
gram the Flash ROM while the program 
intended to control this process is being exe- 
cuted from the Flash memory, it is necessary 
to make certain changes to the memory 
organisation. Here the RAM is used as pro- 
gram memory, and the Flash memory is used 
as data memory (which means it can be writ- 
ten). The chip-select signals for memory- 
mapped I/O are disabled in order to avoid 
undesirable effects on external circuits. 

The firmware for programming the Flash 
memory must be written to RAM in 
advance. The PC program FlashMon does 
this automatically. 
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Figure 4. The full schematic diagram of the microcontroller board. 


The circuit 


Processor and memory 
Figure 4 shows the complete schematic dia- 
gram of the microcontroller board. The vari- 
ous elements that make up the circuit can be 
quite easily recognised. 

The microcontroller is a Philips 80C552 
(IC4). Its most important added features com- 
pared with a standard 8051 microcontroller 
an EC interface, an 8-channel 10-bit A/D con- 
verter, and an extra I/O port. As usual, the 
lower eight bits of the address bus are multi- 
plexed, and they are separated from the AD 
signals by IC3. 

A 32-KB RAM (IC8) and a 128-KB Flash 
ROM (1С5) are connected to the address bus. 
Only 96 KB of the Flash ROM is actually used. 
The central address decoder is a 16V8 GAL 
(IC6), which generates the control signals for 
both memory ICs and the memory-mapped 


1/0. The PSEN and RD lines are used 
to generate output-enable signals in 
the address regions where these sig- 
nals are necessary. 


GAL 

The GAL is the central element for 
switching between the various oper- 
ating modes of the system. Several 
processor signals are applied to its 
inputs, including PGM (which 
causes the GAL to switch to the pro- 
gramming mode when it is '0') and 
D/R (0: normal run mode; ‘1: 
debugging mode). The GAL outputs 
control the memory ICs and the chip- 
enable signals for memory-mapped 
ЏО. The GAL programming descrip- 
tion is as follows: 


70Е = /PSEN*/RD 


129999999 


11111113 


ЕЕЕ 


EEGREREEEE 


3333 


1414 
13151151151 


le 
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/СЕ RAM = /A15*/PRG*/PSEN б 
*/WR*/RD*/D R*PRG ` 
*D R*/RD*/WR*/PSEN 
/CE ROM = PRG*/PSEN 
*/WR*/RD*/PRG*D R*AlS*PRG 
/СЕ 100 = 
/ (/A11*/A12* /A13* /A14* /A15* 
PRG*/PSEN) 
/CE 101 = A15+CE_100+/PRG+PSEN 
А16 = DR 


The file upboard.pds (available on 
diskette or the Elektor Electronics 
website under order number 030042- 
11) can be read using the program 
Palasm, which is available on the 
Intemet as freeware. However, if the 
GAL programming does not require 
any modifications, it can be pro- 
grammed directly using the JEDEC 
file upboard jed. 
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{ ‹ 0: All signals necessary for connecting exter- 
nal hardware are fed out via headers K1 and 
K2. Besides the full data and address buses, 
they include several chip-select signals that 
can be used to directly drive external mem- 
ory-mapped I/O devices. Signals CEO 
through CE7, which correspond to addresses 
0000 through 0007, are output via address 
decoder IC7. 

If even more control signals are needed, 
the СЕ IO1 signal can be used to handle the 
remainder of the I/O range (from 0008 to 
7FFF). If a MOVX command is executed in 
this region, the CE IO1 signal goes to '0'. 

The 5-V signals from the serial port of the 
microcontroller are converted to genuine 
RS232 levels by the MAX232 (IC2), in order to 
allow the circuit to be connected directly to a 
PC. If RXD and ТХ” are connected as shown 
in the schematic diagram, it is not necessary 
to use a null modem cable; a regular 1:1 ser- 
ial cable can be used instead. 

The 80С552 has a full 12С interface that 
supports the complete standard in both sin- 
gle-master and multi-master modes. Activity 
on the clock line of the bus is indicated by 
LED D1. This line is also used by the monitor 
program to display system status during 
start-up by means of blink codes. 

The A/D inputs (P5.0-P5.7) are connected 
directly to K1. The supply voltage for the 
microcontroller serves as the reference volt- 
age. If this is not sufficiently accurate, resis- 
tors R11 and R12 can be removed and an 
external 5-V reference voltage can be con- 
nected to K1.34 and K1.35. 




















Power supply and protection 

A small (70 mA minimum), stabilised 5-VDC 
supply can be used to power the microcon- 
troller board. The circuit is protected against 
an insufficient supply voltage by IC1. This IC 
(a MAX691) has been specially developed for 
such tasks, and it generates a reset pulse 
immediately after power is applied. 

If the voltage on the microcontroller drops 
below 4.5 V, it is placed in the Reset state, the 
RAM is powered from the backup battery (if 
JP1 is fitted) and the RAM is put into standby 
mode. If the voltage drops below 4.6 V, PFO is 
set to ‘0’ (the voltage level can be adjusted 
using R9 and R10; the threshold voltage of the 
PF1 input is 1.3 V). И R13 and R14 are fitted, 
this can be used as an early indication that 
the supply voltage is collapsing. 




















Figure 5. SMD components are used to keep 
the printed circuit board nicely compact. 
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1С1 also includes a watchdog timer, just in 
case the watchdog timer in the 80C552 is not 
sufficiently safe. The watchdog is enabled or 
disabled by soldering R15 or R16 in place. If 
you would like to know more about the 
MAX691, you will find its data sheet at 
www.maxim-ic.com. 





uit boar 


The circuit board layout designed for this cir- 
cuit is shown in Figure 5. SMD components 
have been used to keep the circuit board very 
compact. This makes assembling the circuit 
board somewhat more difficult, but with a 
fine soldering tip and a steady hand, you 
should be able to manage it without too 
many difficulties. Incidentally, a bit of desol- 
dering braid works wonders if things occa- 
sionally go wrong. 

First fit all of the resistors to the board. The 
values of SMD resistors are printed on them 
using three or four digits. The final digit 
always indicates how many zeros have to be 
placed after the value. For instance, ‘333' 
means '33' followed by three zeros, which 
amounts to a resistance of 33 КО. However, a 
marking of '3302' ('330' and two zeros) also 
indicates a value of 33 КО. 

A variety of options can be selected by fit- 
ting 0-Q resistors, which are used as jumpers. 
(If you find it difficult to obtain such resistors, 
you can also use 1-0 resistors or wire bridges 
instead.) The following settings are the stan- 
dard values, for which the software is config- 
ured: 


Function 
Debug/Run mode 
Disable watchdog 
Programming mode 
Reference potential + 
Reference potential — 
‘Low voltage’ interrupt - 
External watchdog - 





RI3Z/RI4 
RIS/RI6 


When software is being developed, it is a nui- 
sance to have to repeatedly reset the watch- 
dog timer (internal or external), and this often 
leads to problems. Besides this, neither of the 
watchdogs is serviced by OS552. This means 
that it is better to not use the watchdog until 
the major portion of the software is finished. 
Resistors R15 and R16 are thus not fitted ini- 
tially. 

Once you have soldered all the resistors, 
you can fit the ceramic capacitors. Be careful 
not to mix up the 33-pF and 100-nF types. 
These SMD capacitors all look the same, 
since no value is printed on them. 

After this, fit the electrolytic capacitors in 
the vicinity of IC2. It hardly needs saying that 
it’s vitally important to observe the correct 


DODODDDDDD 


polarity. For rectangular electrolytics, 
the positive terminal is marked by a 
small + sign or a thick stripe, but 
electrolytics in round packages are 
just the opposite; they have their 
negative terminal on the side 
marked with black paint. No doubt 
the manufacturers did this on pur- 
pose to see whether you're paying 
attention! In any case, it keeps 
things interesting, because elec- 
trolytics fitted the wrong way round 
occasionally tend to explode. 


«өө өөсөө 
өөөөөлөө 





Next, solder the SMD ICs to the 
circuit board. Here you also have to 
pay attention to the orientation. Start 
by melting a small amount of solder 
onto a solder pad at the corner of the 
1C. Using tweezers, place the IC on 
the board and use the soldering tip 
to press down the pin above the 
tinned solder pad. Once the IC is 
firmly attached, solder the pin at the 
opposite corner. Now check the posi- 
tioning of the IC, which can be 
altered if necessary by warming the 
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COMPONENTS LIST 


Resistors: 
(all resistors: SMD case shape 
1208) 

В1,82,85-88,811-816 = 00 (see 
. text) 

R3, R4 = 3k03. 

R9 = 330 kQ 

RIO = 130kQ 
kQ 
RI8 = 10kQ 





Capacitors: 

(all capacitors: SMD case shape 
1208) 

CI,C2 = 33pF 

C3-C6 = ШЕ 16V. 

C7-CI3 = 100nF 





Semiconductors: 

DI = LED, red, 3mm, high- 
efficiency 

TI = ВС516 

ІСІ = MAX69ICWE (80116 case) 

IC2 = МАХ232 (5016 case) 

IC3 = 74НС573 (5020 case) 

1С4 = 80С552ЕРА (PLCC68 case) 

IC5 = 29F010 (32-pin ОР case), 
<120п5, programmed, order 
code 030042-21 

1С6 = GAL 16У8О15ОР, 
programmed, order code 
030042-31 

IC7 = 74HC138 (5016 case) 

1С8 = 62256 (28-pin DIP case), 
5120 ns 


Miscellaneous: 

XI = 11.0592MHz quartz crystal 

В! = Lithium battery type CR 
2032 with PCB mount holder 

КІ,К2 = 36-way SIL pinheader 

КЗ = 9-way sub-D socket (female) 
(not on PCB) 

IC sockets for IC4, IC5, IC6, IC8. 

JPI = 2-way jumper 

PCB, order code 030042-1 

Disk, project software, order code 
030042-11 or Free Download 


soldered pin and shifting the IC. 
Once the IC is properly positioned, 
you can solder the remaining pins. 
Allow the IC to cool down after sol- 
dering each pair of pins, so it does 
not become overheated. 

After all of the SMD components 
are in place, you can fit the IC sockets 
and connectors to the board. Make 
sure that the sockets are correctly 
oriented, particularly the PLCC 
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socket. There is usually a ‘flat’ on 
one of the corners. Finish the solder- 
ing work by fitting the transistor, the 
LED, the battery and the crystal. 
Finally, press the four ICs into their 
sockets. Note that before being fit- 
ted, the GAL (IC6) must be pro- 
grammed using the file upboard jed 
and the Flash ROM (IC5) must be 
programmed using the file 
upboard hex. If you cannot do this 
yourself, you can order pre-pro- 
grammed versions from Readers Ser- 
vices (order numbers 030042-21 and 
030042-31). 

A fully assembled version of the 
circuit board is shown in Figure 6. 


Testing 
the assembled circuit 


For testing the circuit board, you can 
Stick a few loose pins into connector 
K1 for the connections or use a piece 
of perforated prototyping board. 
Mount two pin headers on the proto- 
typing board, each with 36 contacts. 
Connect pins 23 and 24 of K1 to pins 
3 and 2 of a female sub-D connector, 
and connect ground (pin 1 of K1) to 
pin 5, pin 1 to pins 4 and 6, and pin 
7 to pin 8. 

Next, connect the board to a PC 
using a 1:1 serial cable and start a 
terminal emulator program (such as 
HyperTerminal). Configure the serial 
link for 57.6 kbit/s, 8N1, no hand- 
shake. If you now connect a power 
source to the board (5 V at 70 mA 
minimum), the message ‘Hello 
World' will appear on the screen. 
This will be repeated if you press a 
key. The file upboard.hex pro- 
grammed into the Flash ROM con- 
tains a small application program in 
addition to the monitor. The only 
thing this program does is write 
‘Hello World’ to the outside world. 
Congratulations - you now know 
that your system is alive! 

If the Flash ROM has not been 
programmed, nothing will happen. 
You can't program the monitor into 
the Flash ROM yourself, because the 
board needs the monitor for pro- 
gramming (what a pity!). 


Software 


The combined monitor and operating 
system program for the board is 
called OS552. It is a slightly modified 
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version of 08535, which is used with the 
MSC1210 development platform. This forms 
part of a complete development system 
including a C compiler, a project manager 
with ‘make’ files and a debugger. As OS535 
was developed for a different board with an 
80C535 microcontroller, several small modifi- 
cations are necessary, among other things 
with regard to driving the GAL. 

You can use the board in three different 
manners, assuming you have fitted a Flash 
ROM containing the monitor program: 

1) To program the board, run the program 
FlashMon on your PC. This allows you to pro- 
gram up to 64 KB of the Flash memory. 

2) To debug a program you have written 
yourself, run the program 51.051 on your PC. 
The maximum available memory is 32 KB. 

3) To run a program you have written your- 
self (maximum size 64 KB), first program it 
into the Flash memory and then reset the 
board. You can also run a terminal emulator 
program on the PC, but not FlashMon or 
SLD51. The board will now run your program. 
The monitor program is located above the 64- 
KB boundary in this mode and does not affect 
the operation of the board. 


These operating modes are described in more 
detail below. 


Simulator 

Software can be developed and debugged 
using the program 51.051. To use the board in 
this mode, select the proper COM port under 
Options/Com Settings and set the bit rate to 
57,600. After the board has been switched on, 
it will remain in debug mode. You can use 
File/Open and File/Download to load арго- 
gram into the RAM, where it can subse- 
quently be run. The program located in direc- 
tory \src\hello_debug can be used as an'exam- 
ple for this purpose. 


FlashMon 

The program FlashMon from the ИС51 devel- 
opment environment can be used to erase the 
Flash ROM on the board and reprogram it. To 
do this, first copy the file flashmon.bix into the 
bin directory of the development environ- 
ment. Then start the FlashMon program. 
Under Options/Com Settings, set the bit rate 
to 57,600 and select the proper COM port. To 
prevent the program in the ROM from start- 
ing, enabled ‘Disable Flash Autostart’ in the 
Toolbox menu. 

When the board is switched on, the start- 
up of the regular program will be intercepted 
and the internal monitor program will be 
started instead. Now you can use 
Toolbox/Clear Flash Ай to erase the program 
in the Flash ROM (the monitor program will 
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Summary of 8051 microcontroller boards 


Unlike one competitor who appears to be stuck with PICs, Elektor Electronics has already published quite a few development board 
designs for microcontrollers in the 8051 family. Here we briefly describe the most important ones: 


8958252 Flash Micro Board: 

a simple system for programs up to 8 KB, targeted at both experienced and novice users. Also pro- 
vides the basis for a programming course that explains the basics of microcontroller technology and 
examines several programming languages (assembler, BASIC-52 and the Reads! | C compiler). Pub- 
lished in the December 2001 through June 2002 issues, with an I/O extension in January 2003. 





High-speed Controller Board: 

the DS89C420 is a super-fast 80541 derivative that can be used for processing rates up to 33 MIPS. An 
ideal development system, with 16 KV of Flash program memory and in-circuit programming capabil- 
ity. Described in the June and September 2002 issues. 


XA Development Board: 

with a PC/104 interface for 16-bit microcontrollers, 64 KB of program memory and 64 KB of RAM. 
The XA family was presented as a 16-bit successor to the 80C32, but it essentially goes much further. 
The XA core is considerably faster than its 8-bit predecessor. Described in the May and June 2003 
issues. 


М5С1210 Development Platform: 

a small but powerful board built using SMD technology, which unlike the other boards described here 
is supplied ready-made (no soldering required!). Can handle programs up to 8 KB (8 KB development, 
16 KB max in Flash), but has additional I/O and 24-bit A/D inputs. Includes a free Basic and C develop- 
ment environment. À digital measuring instrument using this board has already been described as an 
application. Published in the July/August through November 2003 issues (‘Precision Measurement Gur 


tral' series). 





64-K 80C552 Flash Board: 


a classic design for programs up to 32 KB (32 KB development, maximum 64 KB in Flash), with in-circuit-programmable Flash memory 
and 32 KB of RAM. Has eight 10-bit analogue inputs and three sets of 8 free I/O lines. Uses the same development environment software 
as the MSC1210 development platform (with minor modifications). 


not be erased) and Toolbox/Download to 
Flash to write the new program to the Flash 
ROM. Note that this program must contain the 
instruction LJMP (0x02) at address 0000, since 
otherwise it cannot be started by the monitor 
program. The program located in \src\hello_run, 
which is already included in the standard 
firmware, can be used as an example. 


Monitor operation 

Immediately after starting up, the board 
enters the debugging mode and the OS552 
monitor program sends a command to the PC. 
If a program such as FlashMon is running in 
the PC, the PC sends back a command to the 
board to cause it to remain in the debugging 
mode. 


Once this has happened, the 
monitor waits for commands from 
the PC, and the LED on the board 
flashes regularly. If no command is 
sent to the board after it is switched 
on, the monitor checks whether a 
LJMP command (with destination 
0x02) is present at address 0000 of 
the Flash ROM. This is how the 
monitor recognises whether a valid 
program is present in the Flash 
Memory. The board then switches to 
the run mode and starts program 
execution at address 0000 in the 
Flash memory. 
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Free Downloads 


Project software, including 05552 
(source), ‘Hello’ program (C 
source), Flash552.hex, upboard 
(GAL source and JEDEC files). File 
number: 030042-11.2їр. 
FlashMon and 51051 (in 

C5 l/bin.) are included in 
030060-1 la.zip, see ‘Precision 
Measurement Central’ part 2, Sep- 
tember 2003). 

PCB layout in PDF format. File 
number: 030042-1 zip. 
www.elektor- 
electronics.co.uk/dl/dl.htm, select 


month of publication 
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NEWPRODUCTS 





BiM2 High-Speed Radio Transceiver 


Using surface Acoustic Wave 
(SAW) technology, the BiM2 is 
an enhancement to 
Radiometrix's renowned BiM 
module, and it offers all the 





advantages of the latter but 
with greatly improved receiver 
interference rejection together 
with higher data rates and 
greater transmit power. More- 


over, with its low profile of 
4 mm and small footprint (23 x 
33 mm), together with the low 
power requirement, the BiM2 
is ideal for PCB installation. 

A major feature of the BiM2 
module is the SAW-controlled 
10mW FM transmitter plus 
front end SAW filter and full 
screening for EMC. The BiM2's 
transmit section comprises a 
SAW stabilised and FM modu- 
lated 433.92 MHz (European 
licence-exempt frequency) 
oscillator feeding a 10 mW 
power amplifier stage. Many 
radio transceiver modules on 
the market use crystal tech- 
nology but SAW provides a 
number of significant advan- 
tages, including lower cost, 
better data rate, low power 
consumption and faster 
power-up time. The SAW con- 
trolled BiM2 is the perfect 
choice for a wide range of bi- 
directional wireless connectiv- 
ity applications in battery- 


powered and hand-held equip- 
ment at ranges up to 200 m. 
The BiM2 provides data rates 
up to 160 kbps, features a dou- 
ble conversion FM superhet 
receiver and operates from a 
3 V or 8 V supply at «20 mA. 
The module is verified to com- 
ply with both Radio standard 
ETSI EN 300 220-3 and EMC 
standard ETSI EN 301 489-3 by 
UKAS accredited Test Labora- 
tory. BiM2 is certified by an 
independent Notified Body. 


Radiometrix Ltd., 
Hartcran House, 
Gibbs Couch, Watford 
WD19 5EZ. 
Tel. (+44) (0)20 8428 1220, 
{ах (+44) (0)20 8428 1221. 
Internet: 
www.radiometrix.com 
Email: 
info@radiometrix.com 
(037164-1) 





Catch all your Data in the Web 


A data logger which automati- 
cally uploads its measure- 
ments to an Internet database. 
The data can then be accessed 
and analysed with a standard 
web browser. Alarm condi- 
tions can trigger an SMS text 
message or an e-mail. All you 
need is mains or battery 
power and access to a tele- 
phone line. 


Getting started with the SWI 
300 couldn't be easier. Simply 
connect the unit to a tele- 
phone socket, plug in the 
power supply and switch the 
unit on. Once installed the 
unit can be controlled entirely 
through your Internet browser. 
Simply logon to where you can 
set the parameters that the 
logger will measure, the fre- 
quency of the sample and the 
intervals between upload. The 
website allows a user to set 
alarm levels and have an auto- 
mated e-mail or SMS message 
to alert you if these levels are 
exceeded and you can even 
operate remote devices 
through the unit's control relay 
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output. Each time the unit 
connects to the Internet it 
checks for new configuration 
settings and updates itself 
accordingly. 

With an appropriate sensor the 
unit can be set to measure a 
whole range of parameters, 
from temperature to humidity, 
voltage and current. The data 
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is accessed securely through 
and can either be viewed 
online in graph form or 
exported to most popular 
spreadsheet programs for fur- 
ther analysis. 


‘The SWI 300 is available now 
for £349.95, which includes the 
first year's hosting for free. 





Visit or for more information. 


Lascar Electronics Limited, 
Module Hose, Whiteparish, 
Salisbury, Wiltshire SP5 254. 
Tel. (+44) (0)1794 884567, 
Fax (+44) (0)1794 884616. 
Internet: 


www.lascarelectronics.com. 
(0371642) 











Miniature Web Server 


Compulogic have announced 
the release of a new miniature 
web server product aimed at 
‘web enabling’ existing or new 
systems and equipment. 

The PicoServ miniature web 
server module is an ‘Internet 
engine’ designed to provide a 
browser based interface over 
the Internet or a LAN in a 
small space, at low power, at 
low cost and with little or no 
design effort. 

The PicoServ module takes 
care of all network interfacing 
and communications protocols, 
web page and file storage and 
provides a variety of simple 
interfaces to the host system 
or equipment. Dynamic web 
Pages are supported through a 
simple HTML interface, 
enabling real time data to be 
both displayed and updated 
from a standard web browser. 
The module features a fully 


integrated 10baseT Ethernet 
interface and both RS232 serial 
and 12С ports for interfacing 
with host systems and I/O 
modules. PicoServ supports 
the following protocols: Ether- 
net, АВР IP ICMP TCR UDR 
НТТР TFTP and DHCP The 
ТСР implementation is socket 
based and can support 16 
simultaneous | connections 
while the inclusion of a DHCP 
client simplifies module config- 
uration to ‘plug and go’ when 
a DHCP server is available. 
Measuring only 50mm x 70mm 
(2" x 2.75") the PicoServ web 
server is available as an OEM 
module or can be used as a 
stand-alone system when 
housed in an optional tough 
aluminium enclosure. 

In addition, a number of stack- 
ing, standard intelligent inter- 
face modules are also available 
which provide ‘no develop- 


SpacePort Modem Evaluation Kit 


The latest from low power 
radio expert Radiometrix is its 
new SpacePort modem (SPM) 
evaluation kit. This has been 
designed to test the com- 
pany's low-cost and highly 
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integrated bi-directional wire- 
less serial interface module - 
the SPM. The evaluation kit 
makes testing in application 
fast, simple and accurate. 

The SpacePort modem is an 








serial ana- 
logue, and digital I/O inter- 
faces between the server mod- 
ule and the outside world. 


Compulogic Limited, 
Cranfield Innovation Centre, 
University Way, 





Cranfield Technology Park, 
Cranfield MK43 OBT. 

Tel. +44 (0) 1234 756048, 
fax: +44 (0) 1234 757731. 








OEM product that can be easily 
incorporated into both new 
and existing designs and it 
uses addressable data packets 
with error checking, packet 
acknowledgements and re- 
transmissions to achieve a reli- 
able and invisible wireless 
data link. Remote configura- 
tion is simple. Built for ease of 
use and rapid installation, the 
SPM has many applications in 
point to point telemetry, tele- 
command and tele-control to / 
from outstations or machinery, 
communications to and from 
PDAs, organisers and laptops, 
hand-held / portable terminals, 
EPOS equipment, high-end 
security, dataloggers, environ- 
mental monitoring, PLCs and 
alarm / exception signalling, 
automatic database interroga- 
tion, job allocation and status 
reporting, automatic location 
reporting / polling and any- 
where wireless RS232 
datalinks are required. 

As such, it is important that the 
SpacePort modem be easily 
tested for functional integrity 
when in application and 
Radiometrix's SpacePort 
modem evaluation kit will 


Elektor Electronics 


ensure this, adding to the ease 
of use and low cost of owner- 
ship that is the SPM's hallmark. 
The new evaluation kit trans- 
forms the SPM into a complete 
radio modem and it features a 
5V, 1A supply, ideal for power- 
ing up DTE such as barcode 
scanners. Test operations are 
made simpler still through the 
use of optical cues using light 
emitting diodes (LEDs). An on- 
board RS232 driver is used for 
direct serial port connection 
and a hyper terminal gives 
access to internal diagnostic 
and test modes. The hyper ter- 
minal also eases set-up and 
configuration routines. In addi- 
tion, users of the evaluation kit 
can gain access to each data / 
control pin for external inter- 
facing or testing. 


Radiometrix Ltd., 
Hartcran House, 

Gibbs Couch, 

Watford, WD19 5EZ. 

Tel: + 44 (0) 20 8428 1220, 
fax: + 44 (0) 20 8428 1221. 
E-mail: 
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Miniature PCB-mount Transducers 


LEM has introduced the HTS 
10-B the smallest current 
transducer in its range occu- 
pying only 17x19x10.5 mm (L x 
W x H) on a printed circuit 
board. Using a unipolar power 
supply of 0 to --5V, it allows 





bipolar current measurement 
of 10 Арм nominal, supplying 
a ratiometric voltage output. 
The initial offset at no primary 
current (Vdd/2), as well as the 
gain (Vdd x 20 mV/A) at 
+25°C are then directly depen- 


dent on the supply voltage 
used. With a measuring range 
of up to +15A,,, it is particu- 
larly suitable for detecting 
overloads. 

The size, the wide operating 
temperature range (40°С to 
+85°C) and the unipolar power 
supply targets have been 
achieved by using an ASIC. 
The HTS 10-P is supplied with 
a tolerance of +12% for the ini- 
tial offset and +30% for the 
gain at +25°C. When the 
transducer is used with a 
microcontroller, these toler- 
ances can be improved. Other- 
wise, the HTS 10-P/SP1 ver- 
sion, with tolerances upgraded 
to +3% and 2205, respectively 
for the initial offset and for the 
gain at +25°С, is also avail- 
able. This version also offers 
better thermal offset and gain 
drift. 
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The performance and low cost 
of the HTS 10-Р series make it 
particularly suitable for indus- 
trial applications (compliance 
to the EN 50178 standard and 
marked CE) such as garage 
door openers; electric doors, 
gates, shutters and awnings; 
electric power seats. It is also 
suitable for low-power, low- 
cost drives, where the trans- 
ducer can provide detection, 
monitoring and safety. LEM 
Components offers a five-year 
warranty for each transducer. 


LEM HEME Ltd, 

1 Penketh Place, 

West Pimbo, Skelmersdale, 
Lancashire WN8 90X. 

Tel: (+44) 1 695 72 07 77 
E-Mail: kwi@lem.com 
Web: www.lem.com 








SEEVAL? 32 Low-Cost Development Tool 


Microchip's new SEEVAL® 32 
Serial EEPROM Designer's Kit 
allows designers to quickly 
and easily develop robust serial 
EEPROM-based applications 
while significantly reducing 





system integration time and 
hardware/software debug. 

The low-cost kit (DV243002) 
contains a SEEVAL 32 evalua- 
tion and programming board, a 
CD-ROM with Microchip's 


SEEVAL 32 software and Total 
Endurance modelling soft- 
ware, a serial EEPROM sample 
pack containing eight devices, 
a user's guide, RS-232 serial 
cable, and a power supply. The 
kit provides a powerful pro- 
grammer/debugger tool that 
supports all of Microchip's 
Microwire®, SPI" and 12C™ 
compatible serial EEPROMs. It 
enables users to read, write or 
erase any byte, block, or an 
entire array of code. The SEE- 
VAL 32 Designer's Kit runs on 
any standard PC with Win- 
dows® 95/98/2000/Me/XT/NT 
operating systems. 

With the Total Endurance mod- 
elling software, designers can 
quickly identify the best serial 
EEPROM for their application 
and perform trade-off analysis 


with voltage, temperature, 
write cycles and other system 
parameters in order to achieve 
the desired — erase/write 
endurance or product lifetime. 
This allows the designer to 
understand and predict the 
erase/write endurance of the 
serial EEPROM. An on-line 
tutorial with hypertext help 
files is also included. 


Arizona Microchip 

Technology Ltd., 

Microchip House, 

505 Eksdale Road, 

Winnersh Triangle, 

Wokingham RG41 5TU 

Tel. (+44) (0)118 921 5858 

Fax (+44) (0)118 921 5835 

www.microchip.com. 
(047006-4) 








The internet site for all professionals and hobbyists 
actively engaged in electronics and computer technology 


www.elektor-electronics.co.uk 
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Build your own Audio Valve Amplifiers 

To many people, the thermionic valve or electron tube is history. However, whether it is nostalgia, interest in the technical рагате- 
ters, the appeal of a gleaming amplifier chassis with softly glowing valves, respect for the technical know-how of an earlier genera- 
tion, or perhaps the firm conviction that the sound of a valve cannot be bettered, it is a fact that the valve is making a come- 
back.The book contains, apart from construction projects for preamplifiers, power amplifiers, and two amplifiers for musical instru- 
ments, information on the operation of electron tubes, while the first chapter gives a short history of the valve. 


ISBN 0 905705 39 4 © 253 Pages, size 17 х 23.5 cm, softcover » RRP £15.55 ($31.00) 


Modern High-end Valve Amplifiers 

based on toroidal output transformers 

The most remarkable features of toroidal transformers are their extremely wide frequency ranges and their very low levels of linear and 
nonlinear distortion. This book explains the whys and wherefores at various technical levels, advancing from elementary concepts right 
up to mathematical descriptions. Schematic diagrams of valve amplifiers with output powers ranging 10 to 100 watts are discussed 
extensively, with due attention given to a number of special valve amplifiers os well as the theory and practice of negative feedback. 


ISBN 0 905705 63 7 © 264 Pages, size 17 х 23.5 cm, hardcover • RRP £25.95 ($52.00) 





Order now using the Order Form in the Readers Services sect 


this 
Elektor Electronics (Publishing) • P.O. Box 190 • Tunbridge Wells TNS 7WY See also 
www.elektor- 


* England. Telephone +44 (0) 1580 200 657 © Fax +44 (0) 1580 200 616 5 
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THE ELECTRONICS & COMPUTER MAGAZINE 










Save 15% by quoting EL79315 when ordering 






В Spice's ease of use and above alll, accuracy, is why it is used by hundreds of 
universities and thousands of designers in the UK, US and Europe. The new ver- 
sion includes RF simulation and PCB export facilities. It's the ideal electronics 
design tool for those who need to test their designs and know they will work in 
\ harsh enviroments. 










There are no limits 
әд-—2Тһеге is no limit on your design size or'fiümber of parts. High 
Б qualityagraphics ensure that yoür results are easy to understand 
and iffterpret and everything can be customised to suit your needs. 
B` Spice comés with a Component library of over 25,000 parts. 
You Cán simulate everything even down to circuit temperature. 
\ 















Easy to use, fast and powerful 
PCB export and ЫЙ of materials, improved schematics with DIN and ANSI symbols, RF simulations, worst 
case analysis, smith and polar plots, 25,000 parts as standard, powerful graphing and plotting - display & 
switch between muljple graphs easily, a new "workspace" window to manage your designs and files, new 
"paris chooser” windgw makesit easy to pick and place parts, combined digital and analogue graphs, 
unlimited undo / redo, create new models, create and edit symbols, create new PCB parts. Simulate - sir 
le / dual parameter DG sweep, AC sweep, transient analysis, small signal transfer function, Fourier anal 
sis. AC & DC sensitivity, Smith charts, pole zero, Monte Carlo analysis, noise, distortion operating point. 
temperature change, and generate tomponent faults. 


£194.65 (otter price) Tel: 01603 872331 22 @® 


Research House, Norwich Road, Eastgate, Norwich. NR10 4HA. 


@Research 


www.spice-software.com Fax: 01603 879010 Email info@looking.co.uk © 
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for Hundreds of Science Experiments 


DrDAQ Data Logger 


Alow cost data logger supplied ready to use with 
all software and cables. It is ideal for a large 
variety of classroom science experiments. 


Output 







Resistance 
Voltage 
Light level 


Temperature 





Microphone External sensors 


У Very low cost - under £60 (excl. VAT) (Humidity, Oxygen etc) 
Y Built in sensors: 
Temperature, Light, Sound 
У Use DrDAQ to capture fast signals 
(eg sound waveforms) 
Y Outputs for control experiments 
' Simply plug in to a PC and measure 
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АВС-200 PC Based Oscilloscope 


PC based oscilloscopes open up many new learning 
opportunities in education, from looking at the 
waveforms of musical instruments through to 
jy measuring the speed of light. PC based oscilloscopes 
offer many advantages over traditional benchtop 
instruments such as ease of use, low cost, small size 
and portability. 












gue & demo 


on reque 
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For information on Pico products for education visit: 
www.picotech.com/drdaq80 
Tel: 01480 396395, Fax: 01480 396296, E-mail: sales@picotech.com 
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Analogue 
Filter Design 


In electronics, filters are required for all sorts of applications, ranging from 
a simple audio circuit to the speech processor in a GSM phone. Filter 
theory being complex stuff for the average electronics worker and 
certainly no part of everyday chores, a couple of Internet addresses may 
come in handy if you’re suddenly faced with selecting and dimensioning 
a filter for an application on hand. In this month’s instalment of Electronics 
Online we look at a dozen or so calculation aids for analogue filters. 


Electronic filters represent a complex matter 
which is not, or not fully, mastered by many 
electronics enthusiasts. Not to worry, 
because lots of professional engineers will 
also admit defeat to the niceties of modem fil- 
ter design. Fortunately, neither the hobbyist 
nor the professional worker needs to have a 
few dozen equations in his head — what 
matters is to know where the information can 
be found when it is needed. To help you on 
the way, and perhaps add a few bookmarks 
in your Favourites folder, we searched the 
Internet for software tools that considerably 
lighten the job of passive and active analogue 
filter design. 


An excellent point to start from when you 
need filter information in the widest sense is 
Circuit Sage [1]. Set up a number of years ago 
by a bunch of IC designers, this website cov- 
ers a vast range of electronic designs. With 
each subject, the designers themselves make 
relevant information available, or point the 
way to other sources on the web. Looking 
under the heading ‘Filter Design’ the list 
starts with a number of calculations intended 
for use with the familiar MathCad mathemat- 
ics program. Various types of low-pass and 
high-pass filters are available in passive as 
well as active guises. 

If you can not, or do not want to, work 
with MathCad, the second list on this web 
page contains addresses of alternative filter 
calculation programs. 
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From the latter group we made a 
selection, with an eye for software 
that's offered free of charge. We 
begin with a number of calculation 
tools that can be run directly off the 
relevant website. 

Analog Devices on their massive 
website [2] offer a number of online 
calculation aids for active filters. The 
scripts allow second-order through 
eighth-order high-pass, low-pass 


By Harry Baggen 


and band-pass filters to be dimen- 
sioned, enabling you to select 
between filter responses like Bessel, 
Butterworth and Chebyshev, all with 
various ripple responses. 

A helping hand for passive filter 
design is offered by various tools on 
the Max Froding website [3].- We 
found a page discussing the design 
of passive Butterworth filters (high- 
or low-pass) with up to 25¥ele- 








1 Circuit Sega's callenkey med and pdf version. An extensive Mathcad 20017 
for designing integrated Sellen-Key 
2. Circuit Soge's butter med (pdf). ellip med (pdf). and cheby med (pd?) LC filter 








Elektor Electronics 1/2004 


ELECTRONICS ON INF 





1/2004 


under the name Burr Brown Filter Designer 
Software. These days TI supply a revamped 








version running under Windows under the 





name FilterPro [6]. The program suite com- 





putes Sallen and Key or multiple feedback 
constellations with a Bessel, Butterworth or 
Chebyshev response. 








Linear Technology [7] also offers a few fil- 
ter programs that are certainly worth your 
thorough examination and practical use — 
the names are FilterCAD and the Filter 





Design Guides for the LT1567 and LT1568. 
Although the programs assume you're using 








LT integrated circuits, they're easy to adapt 
to similar products from other manufacturers. 

Filterlab from Microchip [8] is another 
dimensioning program for active Bessel, But- 
terworth and Chebyshev filters up to eighth 
order (low-pass, high-pass and band-pass). 








The program is easy to use, allowing you to 
view a simulation of the frequency and phase 
response immediately after the filter dimen- 
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sioning operation. 





амы анла g Rade E escape Qy Seach Staines 





Tunekit 2.0 [9] is a small Windows pro- 
gram written by Max Froding. It is suitable for 
Chebyshev low-pass and high-pass filters 
comprising 2 to 25 poles, band-pass and 
notch filters. The program has been designed 
as a front-end to the famous ARRL Radio 
Designer and so allows your filter to be 
analysed straight away. 

Finally, those of you interested in ‘big gun' 
programs only should follow these links to 
demo versions that provide excellent intro- 
ductions to filter dimensioning: Filtroid by 
Gigasim [10], Filter Master by Intosoft [11], 
Super Filter by Those Engineers [12] and 
Quickfil by Omicron [13]. 





ments. Another page helps you 
compute passive elliptical (or 
Cauer) band filters. 

Tony Fishet's interactive LC Filter 
Design page [4] is certainly worth 
trying. Although graphically less 
Sophisticated that the above web- 
sites, Tony's pages look technically 
sound and it's results that count at 
the end of the day. 

Software for the design and sim- 
ulation of filter responses has always 
been pricey. Fortunately, a few pro- 
grams are available at no cost at all. 

To begin with, we should mention 
Burr Brown's Filter Perfect. A bit 
dated, maybe, but still a great piece 
of DOS (!) software, it can be down- 
loaded from the RF Tools website [5] 
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[6] 


7] 
8] 
9] 





Circuit Sage: www.circuitsage.com/ 


Analog Devices Interactive Design Tools: www.analog.com/Analog Root/ static/ 
techSupport/designTools/interactive Tools/filter/filter.html 


Мах Froding filter calculations: http:/[users.aol.com/maxfro/private/butter.html 
http:/[users.aol.com/maxfro/private/cauerbpf.htm 

LC Filter Design: www-users.cs.york.ac.uk/—fisher/lcfilter| 

RF Tools: http://rfengineer.cc/rftools.htm 


FilterPro: http://focus.ti.com/analog/docs/sampleutilities.tsp?path—templatedato/cm| 
utilities/data/filterbro&templateld —3&familyld —57&navigationld —9742 

Linear Technology filter software: www.linear.com/software/ 

Filterlab: www.microchip.com/1 01 O/pline/tools/analog/software/flab/ 10626/index.htm 


‘Tunekit 2.0: http://members.aol.com/maxfro/private/tunekit2.html 

















10] Filtroid: www.gigasim.com/gsFiltroid.html#anchor647705 


1I] Filter Master: www i-t.com/engsw/intusoft/filtrmste htm 
[12] SuperFilter: wwwsbiceage.com/demo.htm 


13] Quickfil: www.omicronsw.com/downloads/swdemos/index.html 
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READERS’ CORNER — 








We can only answer questions or remarks of general 
years and published in Elektor Electronics. In view of the 
answer all correspondence, and we are unable to respon: 


or additional information about, Elektor Electronics projects. 





interest to our readers, concerning projects not older than two 
е amount of post and email received. it is not possible to 
id to individual wishes and requests for modifications to, 





Directional Microphone 

In Elektor November 2008 on 
page 86 the author tells us that 
the low-pass filter frequency is 
determined by the combination 
R8 and C3 — this makes me sad. 
I believe the references should be 
to C7 and R9 (else I have taught 
all my students the wrong thing 
for more than 18 years !). 


Also, I wonder, what is the mean- 
ing of resistors R19 -R30? As far 
as I can see they are all paralleled 
with P2 which is ‘оду’ 1 kOhm. 
Besides, resistors R37-38 (470 
Ohm) will work as Вв — when 
you look in the data-sheet from 
TI you'll see that all data are 
measured at RL> 10 kOhm. I've 
used the TCL2272 series and 
found that the distortion of 
these op-amps will be rather 
high (>1% at 1 kHz) when ВІ is 
smaller than 10 kOhm at an out- 
put swing greater than a few 
hundred milliVolts. 


I think it's sad that Elektor 
Electronics brings articles with 
such essential faults ! 

Soeren Ploug, Denmark 

(by email). 


There's no reason for sadness 
caused by one typo. The refer- 
ence to C3 in the formula on 
page 26 is wrong and should 
have been to C7 (see Corrections 
& Updates elsewhere in this 
issue). Still, the two components 
R8 and C7 are not related to the 
low-pass filter function, and no 
such statement is made in the 
article. Obviously, the low-pass 
filter roll-off frequency is deter- 
mined by R9-C7, see also the 
inset at the end of the article 
and in particular, equation 16. 
The function of R19-R30, then, is 
to prevent audible clicks in the 
output signal when the rotary 
switch is operated, which is 
achieved by providing a DC path 
to ground for all capacitors C11- 
C22 when they are not selected 
by S2. After all, the output of 
IC1.D is at roughly half the sup- 
ply potential (you may have 
missed this point). 

Contrary to what you seem to 
assume, the circuit does not pro- 
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vide any substantial amplifica- 
tion of the microphone signals. 
Even at extremely high volumes 
no more than about 8 mA of out- 
put current will flow (not count- 
ing the external load), which is 
way below the maximum of 
+50 mA specified for the 
opamps used. 


Flawed Mini Project 

Dear Editor — your 'SuperCap 
Battery’ article (October 2003, 
Ed.) suffers from a couple of 
design flaws I'd like to mention. 


The Goldcap is discharged by R1 
and R2, so a diode behind the 
charger circuit would have been 
in order. Without such a diode, 
you will be unable to justify the 
‘2-mA under no-load conditions’ 
claim made in the article, simply 
because the series combination of 
R1 and R2 already draws more at 
2.3 V. An additional load is formed 
by the voltage regulator, because 
current flows into its output. 


То use a reverse-biased transis- 
tor b-e junction as a Zener diode 
is ludicrous for a circuit sup- 
posed to be reproducible — the 
Zener voltage will stray far too 
much. Also, a transistor with 
higher gain (C-suffix version) 
would help to reduce the no-load 
current, as it would have allowed 
а higher value for R$ (approx. 
4.7 kQ). Diode D2 is clearly 
under-dimensioned. This diode 
can be expected to carry high 
currents as the full Goldcap volt- 
age is applied to the load by way 
of the coil and the diode. In this 
position I would have liked to see 
a Schottky diode capable of pass- 
ing in excess of 1 A, or failing 
that, an 1N4002 as the bare min- 
imum. The statement that the 
coil resistance should be under 
1 О is incorrect — although it 
stands to reason that the con- 
verter efficiency drops with coil 
resistance. I would have like to 
see this mentioned. 


Finally, it would have been nice 
to see a graph with efficiency 
plotted against output current. 
Dr T. Scherer 


The missing diode was already 
noticed before we received your 
letter (see Corrections & 
Updates). It failed to show up in 
the circuit diagram because the 
author employs the charger and 
the step-up converter as separate 
units (as shown in the photo- 
graph). The ersatz Zener may 
look haphazard but in reality is a 
good choice because the only 
requirement for the Zener voltage 
is better stability than that of the 
battery. Also, the use of a reverse- 
biased transistor fits the bill of a 
Mini Project because most hob- 
byists will have a few spare tran- 
sistors lying around but no Zener 
diodes. In our experience, the 









225, 
РО.Вох 190 


transistor-based Zener diode 
achieves an accuracy of about 
1095 which is more than ade- 
quate for this application. 


A Goldcap, then, can be 
expected to pump a short-circuit 
current of up to 6 A, which 
defeats the use of a largish diode 
as you suggest and can only be 
stopped by a fuse. In the unfor- 
tunate event of a short-circuit, 
we'd rather see a small diode 
destroyed than the coil. 
Arguably, every project publica- 
tion can be optimised or 
extended in some respect. How- 
ever, a Mini Project should be 
simple, brief and open to ехреп- 
ments. 


CORRECTIONS&UPDAIFS _ 


Rev Counter for R/C Models 


November 8005, р. 56-61, 024111-1. 

А 47 КО resistor should be inserted between pin 7 of IC1 and the 
base of Т4. Without the series resistor, the comparator output is 
short-circuited to ground by way of the base-emitter junction of T4. 
The resulting current will however not damage the TLC272. 


Electric Charge Meter 


November 2003, р. 20-21, 080018-1. x fA 
On the РСВ overlay, the symbols ‘+ ' and '—' near K2 should be 
swapped. This error does not affect the operation of the circuit. 


Directional Microphone 


2 


November 2008, р. 24-30, 030046-1. 
The equation in the article text on page 26 contains a wrong 
component reference and should be amended to read: 


R8 =d/(c-C7) 


"USB-RS238 Interface 


April 2008, p. 60-65, 0200878-1. 
In the circuit diagram on page 62, the value of R10 should be 
amended to read: 100 КО. This does not affect the Components 


List or the РОВ layout. 


Supercap Battery 
October 2008, p. 52-58, 


030109-1. 


Components IC1, R1 and R2 cause a rather too high discharge 
current of about 5 mA on the Goldcap battery. This can be pre- 
vented by an additional diode between the Goldcap and the 
LM317. 


Elektor Electronics 1/2004 








Please Note. 
| Software tems marked @ are avaiable from the Free Downloads page 
of the Publishers! webste at сест cout 
Diskettes are supplied for the convenience of readers without Intemet access. 






































* uss 
EVERGREENS— = 
Elektor Electronics Help Disk 
966022-1 Disk, Windows version 845 1445 
Elektor Electronics Item Tracer 1985-2002 
(036003-11: contents database (dsk, Windows version) 815 1435 
Medium power HEXFET amplifier (December 1993) 
9301021 PCB 1090 1925 
| Universal бури Boards. 
UPBS-1 245 430 
UPBS-2 2 Peas 410 725 
1РВ 4 4РС85 655 1155 
No: 328- JANUARY 2004 — — — —— 
64-К 80552 Flash Board 
© 0300421 PCB 935 1655 
© 030042-11 Disk, misc. project software 490 865 
030042-21 29010, programmed 1000 1770 
030042-31 GAL 16/80150Р programmed 610 1080 
Climate Logger 
! © 0300761 РСВ 775 1370 
© 03007611: Disk, Windows software 40 865 
| FMS Flight Simulator Encoder 
| © 030066-1 PCB 1020 1805 
| 030066-41 87LPC767BN, programmed 1745 3015 
LED Roulette 
@ 0301681 PCB 1790 3160 
| © 030168-11 Disk, source and hex files 4% 865 
| 030168-41 89С2051-12РС, programmed 805 1425 


Multi-event Alarm Clock 
Ф 020304-11 Disk C (source) hex fies 
020304-41 АТ8902051-12РС, programmed 


| FM Remote Control Transmitter & Receiver 
| 
| 








Фомона РСВ 
LED Christmas Decoration 
@ 0301571 РСВ 
P87LPC76x Programmer 
© 03031311 Disk, project softuare 
Project Timekeeper 
Q 02035011 Disk, source 8 object code fles 
020350-1 PICIGFBA-10P programmed 
| Stepper Motors Uncovered (2) 
| @ 020127-11 Disk, source code fie 
Universal Clock Generator 
| © 020395-11 Disk, source code fle 
Wireless RS232 Link 
© 032041 PCB 
No--326-NOVEMBER-2003 — 
Rev Counter for R/C Models 
© 0241111 PCB 
02411-11 Disk, source and hex code 
024111-41 8902051-12PC, programmed 
Running Text Display 
| © 020407-11 Disk source and hex code 
| USB Analogue Converter. 
| © 0203741 PCB 
| © 02037411 Disk hex code and Windows software 
0203741 PIC16C765, programmed 


1020 


758 


490 


490 
1315 





865 


865 


1540 








| ‘No- 325-OCTOBER 2003— 























008 RF Signal Generator 

© 020299-1 РСВ, generator 1160 2055 

© 020299.2 РСВ, control/supply 1240 2145 
(20299-41 АТ9058515 BPC, programmed 3055 5405 

Minimalist Induction-Balance Metal Detector 

© 0202501 РСВ 885 1585 

Xilinx PROM Programmer 

© 010109-11 Software 490 865 

N0-324-SEPTEMBER 2003 — — — 

ATV Picture Generator 

© 020295-11 Disk source & hex code files 490 855 
020295-41 АТ9058515-8РС, programmed 1520 2690 
020295-42 АТ9051200-12РС, programmed 1390 2460 

DTMF Remote Telephone Switch 

€ 020294-1 PCB 1165 2080 

© 020294-11 Disk, project software. 490 865 
020294-41  PIC16F84A-20/P programmed 1470 26.00 

LC Display with 126 Bus 

© 0300602 РСВ 7-35 1300 

PlCProg 2003 

© 0102021 РСВ 865 1600 

© 010202-11 Disk, Windows software 4% 855 
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£ uss 
01020241 PIC16F874-20P programmed 2355 4185 
Polyphonic Doorbell 
© 020354-11 Disk project software 490 8 
02035441 PICTEFB4A-O programmed 1445 
2555 
Precision Measurement Central 
02006091 Ready-assembled & tested board 6900 
11250 
Valve Preamplifier (1) 
«© 0203831 PCB,zmoHfer board 1155 2040 
© 020383-2 PCB, power supply board 1140 2020 
© 0203833 PCB, VO board 1010 17.80 
-No-323-JULY/AUGUST 2003— 
Add a Sparkle 
© 02028341 Disk, HEX and source fies EE: 865 
0202931 РС1205083-04/5М, programmed 740 1310 
 AT9082313 Programmer 
© 0300351 PCB 905 1600 
Hard Disk Selector. 
© 0340501 РСВ 945 3875 
Mini Running Text Display 
© 020365-11 Disk source code fie. +90 885 
Mini Test Chart Generator. 
© 020403-11 Disk PIC source code ж 865 
Programming ти lor ATtiny15 
@ 0303-1 755 1335 
S sir Dak project software. 490 88 
Quad Bridge Car Amp 
© 030391 РСВ 870 1535 
Remote Light Control with Dimmer 
© 02033711 Disk HEX and source fies 490 865. 
02337-41 АТ89С2051-12, programmed 625 11.05 
Ho. 322 JUNE 2003 = = = 
AVR TV Tennis. 
© 030026-1 Man PCB 870 15407 
© 038262  PushbutonPCB 860 1525 
© 0300-11 Disk AVR source code 490 865 
00026-41 АТ908515,рлиузлтей 1520 — 269) 
Electronic Knotted Handkerchief ^ 
@ 020308-11 Disk. PC and controler software 490 865 
020308-41 АТО062313-108С, programmed 623 
Low-Cost LCD Controller (2) 
© 020114-1 РВ 870 1535 
(02011441 Disk project software 420 865 
Night Light Control 
© (2015-11 Disk hex and source code 10 865 
02011541 ATOOS2313-10PC, programmed 1285 2275 
Universal XA Development Board 
© 0101031 РСВ 1320 2335 
© 01010311 т pele E 865 
010103-21 EPROM 1000 1710 
01010222 Бариа 27022630, od 1000 1770 
010103-31 GAL 1618, programmed 480 850. 
-0-321-MAY 2003 — - 
Countdown Timer 
(02023511 Disk source and hex code E] 855 
020205-1 АТ9051200, programmed 1320 2460 
USB Audio Recorder. 
© 01201311 Disk EPROM hex code 450 855 
012013.21 EPROM 270512, programmed 1280 2230 
Valve Final Amp (2) 
© 0200711 Amplifier board (one chanel) 1510 2815 
© 0200712 Power supply board 1005 4735 
-No-320 APRIL 2003- 
8-Channel Disco Light Controller. 
© 0101311 РСВ 1310 2315 
010131-41 876750 or 87071, programmed 2300 4070 
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Pico PLC 

© 0100591 РСВ 

© 010059-11 Disk test program 

Single-Chip Tone Control 

© 020054-4 РСВ 

Switched-Outlet Power Bar with А5232 Control 

© 020298-1 РСВ 

@ 020298-11 Disk project software. 

Temperature Indicator for the PC 

© 020380-11 Disk, source and compiled code 
020380-41 АТ89С2051, programmed 


No. 319 MARCH 2003 

17 V / 10 A Switch-Mode Power Supply 

© 020543 РСВ 

Add-on Switch unit Гог R/C Models. 

© 0201281 PCB 

@ 02012611 Disk hex and source fi 
020126-41 РІСТ6С712-041/50, programmed 

AVRee Development System 

© 020351-1 РСВ 

© 020351-11 Disk, example programs 

Guitar Effects Switchbox 

© 0201811 РСВ 

Intelligent Fan Timer 

© 02017041 Disk, project software 
020170-41 MSPA30FT121, programmed 

ЗАА3049 Replacement 

@ 0200851 РСВ 

© 020085-11 Disk source and hex code 
020085-41 S7LPCTE4BN, programmes 

Two-Colour Running Light 

© 010134-1 РСВ, controler board 

Q 0101312 PCB, LED board 

@ 010134-11 Disk project software 
010134-41 АТ89С2051-12РС, programmed 


Но. 318 FEBRUARY 2003 

20/40 MHz Logic Analyser 

© 0200321 PCB 

© 02003211 Disk бето program 
02032-41 А19058515-8РС, programmed 

Active Loudspeaker System (2) 

© 020542 РВ 

Autoranging Capacitance Meter 

© 00141 РСВ 

@ 020144-11 Disk, source and hex fies 
0201444] PICIEFB44-20P programmed 

Dimmer with 0-10 V Control Input 

@ 0101251 contol PCB 

10125-2 immer PCB 











Electronic Hourglass 
020036-1 РСВ 






© 


20036-11 Disk, project 

026-41 PICIGFES-O4P programmed 

Optimise your PC Soundcard 

© 02016411 Disk Excel spreadsheet 

Ho. 317 JANUARY 2003 

Active Loudspeaker System (1) 

© 0200511 РСВ 

Electronic RPG Dice Roller 

@ 0200051 РСВ 

@ 02005-11 Disk source code fie 
020005-41 AT9054433-8PC, programmed 

Rodent Deterrent 

© 0201101 РСВ 





1870 
40 


1099 


1080 
E 





1025 


895 
490 
1520 


1320 
490 


1345 


400 
1190 


1345 





825 
1065 
E] 
745 


1520 
120 
1510 


755 





1855 
190 
1520 


490 


СЕ] 


1005 
E 
3080 





2330 


865 
2000 


2310 
865 
1755 


ме 
1880 

865 
1265 


2685 
855 
2570 


1405 





‘SMS-Controlled Mains Sockets 
© 0201571 PCB 


No. 316 DECEMBER 2002 

DCI PLC 

© 0101131 РСВ, conver board 

@ 0101132 PCB, terminal board 

© 010113-11 Disk project software & source code 
41011311. ATSOSSSIS-SPC. programmed 

Port Line and АВС Extension 

@ 02030711 Disk ВАЗС0М-51 programs 

Programmable Dial-Out Blocking Device 

© 0201061 PCB 

© 020108411 dek projectsoftware 
02010-41 ATESC2051-1, programmed 

USB Audio Codec with S/PDIF 

Ф 0201781 РВ 


Ног 315- NOVEMBER 2002 

Audio Level Check for Line Input 

Ф 0201801 РЕ 

EPROM Emulator 

© 0240551 PCB 

Ф 02405511: Disk GAL JEDEC sting 
024066-31 GAL 16V89, programmed 

LED Torch 

© 012019-11 Disk project software. 
012019-11 РС120672-055М, programmed 

Stand-Alone EEDTS Pro 

© 0201251 PCB 

Telephone Baby Monitor 

© 0120161 PCB 

@ 012016-11 Disk, source and hex files 
012016-41 АТ9051313-10РС, programmed 

Vehicle Diagnostics Adapter 

© 0201381 РЗ 

Но. 314 ОСТОВЕВ 2002 

А19058535 Programmer 

Ф 020511 PCB 

Digital RF Wattmeter 

@ 020026-1 PCB 

© 020026-11 Disk, source code Нез 
020025-1 РС168876-0459) 

Motorcycle Theft Alarm 

© 0001911 РСВ 

G 000191-11 Disk, source code fies 
(001911 РСТ6Н-0450 
00019142 РЛЕР ОАР 

Sound Pressure Level Meter 

© 0201221 PCB 


No. 313 SEPTEMBER 2002 

20-Metres Band Receiver 

© 01087-1 РОВ 

Capacilor ESR Tester. 

© 0120221 PCB 

Continuity Tester 

© 0200021 РСВ 

EEDTS Pro Super Loco Decoder Upgrade 
020004-41 РІС for super loco decoder. 
020095-41 РІС for return signaler 

Firmware Update for EPROM Emulator 

© 024107-11 Disk hex file 
024107-41  AT89C2051-12P programmed 

High-Speed Controller Board 

© 0201024 РСВ 

Parallel JTAG Interface 

© 0200081 PCB 


No. 312 JULY/AUGUST 2002 
4-Bit Decimal Display 
024072-31 GALZZV100-25LP. programmed 
Audio Limiter (for DVD) 
© 024074-1 PCB 
Distance Measurement using Infrared 
© 020010-11 Disk, project software 
020010-41 87\РС762. programmed 
Keyboard/Mouse Changeover Switch 
@ 024068-1 РЗ 
VCP-2002 Video Copy Processor 
© 0101211 РСВ 
010121-31 EPMTOSSSLCES, programmed 
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‘drawn оп a London clearing bank, Eurocheque made out in pounds sterling 
Н 1 (with holder's guarantee card number written on the back), or US or Canadian 
! 1 dollar cheque drawn on a US ог Canadian bank. 

Н If you pay by Bankers’ sterling draft, make clear to the issuing bank that your full 
| name and address MUST be communicated to the London clearing bank. 

! Our bankers аге NAT WEST PLC, 1 St James's Square, Wadhurst, East Sussex 
ims 6BH, England. Our account number is 3512 5225, Sorting Code 60-22-15. 


[IBAN code: 8840 NWB K6 022 15 3512 5225 
18 code: NWB KGB 2L 


| Subscription rates from January 2004 issue 





Standard Plus 

United Кіпдбот .........................4 £39.50 ....... £45.50 
Economy Mail 
Rest of the World (excluding Europe) .......... 551.307::::::) £57.30 
Priority Airmail 
Europe SEE ОА ©5250 ....... £58.50 
Middle East, Africa, Southwest Asi: 

Central & South America ................5 £64.00 ....... £70.00 
Australia, New Zealand, 

Far East & Pacific Territories ............. £66.00 ...... £72.00 
Airfreight 
USA & Canada олу...................... USS88.00 .....US$96.50 
Payment should be made by: 


* Cheque or bankers’ draft in sterling drawn on a London clearing bank (except 
in the USA and Canada — see below); Eurocheques must have the holder's 
guarantee card number written on the back. 

* USS cheques drawn on a US or Canadian bank — only by subscribers in the 
USA or Canada. 

* Direct transfer to our bank (NAT WEST PLC, 1 St James's Square, Wadhurst, 
East Sussex TN5 6BH, England). 

Our account number is 3512 5225, Sorting Code 60-22-15. 

* Postal order. 

» Credit card: VISA, ACCESS, Euro/MasterCard, JCB Electron or Switch. 

* Transfer to our Giro Account number 34 152 3801. Giro transfers should be 








COMPONENTS 


Components for projects appearing in Elektor Electronics are usually available ! 
from certain advertisers in this magazine. If difficulties in the supply oft 
components are envisaged, a source will normally be advised in the article. 
Note, however, that the source(s) given is (are) not exclusive. 


TERMS OF BUSINESS 


Delivery Although every effort will be made to dispatch your order within 2-: 
weeks from receipt of your instructions, we can not guarantee this time scale fc 
all orders. 

Returns Faulty goods or goods sent in error may be returned for replacemet 
or refund, but not before obtaining our consent. All goods returned should be 
packed securely in a padded bag or box, enclosing a covering letter stating thi 
dispatch note number. If the goods are returned because of a mistake on ot 
part, we will refund the return postage. 

Damaged goods Claims for damaged goods must be received at our Tunbridg 
Wells office within 10 days (UK); 14 days (Europe) or 21 days (all othe 
countries). 

Cancelled orders All cancelled orders will be subject to a 10% handling charg 
with a minimum charge of £5-00. 

Patents Patent protection may exist in respect of circuits, devices 
components, and so on, described in our books and magazines. Elektor : 
Electronics (Publishing) does not accept responsibility or liability for failing to! 
identify such patent or other protection. 

Copyright All drawings, photographs, articles, printed circuit boards, | 
programmed integrated circuits, diskettes and software carriers published in our i 
books and magazines (other than in third-party advertisements) are copyright; 
and may not be reproduced or transmitted in any form or by any means, 
including photocopying and recording, in whole or in part, without the prior! 
permission of Elektor Electronics (Publishing) in writing. Such written permission i i 
must also be obtained before any part of these publications is stored in а! 
retrieval system of any nature. 

Notwithstanding the above, printed-circuit boards may be produced for private 
and personal use without prior permission. ! 
Limitation of liability Elektor Electronics (Publishing) shall not be liable ii ini 
Contract, tort, or otherwise, for any loss or damage suffered by the purchaser } 
whatsoever or howsoever arising out of, or in connexion with, the supply of goods ; ! 
or services Бу Elektor Electronics (Publishing) other than to supply goods as 1 
described or, at the option of Elektor Electronics (Publishing), to refund the ! 
purchaser any money paid in respect of the goods. 

Law Any question relating to the supply of goods and services by Elektor ! 
Electronics (Publishing) shall be determined in all respects by the laws oti 
England. 
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а 
made by completing ani: sending the appropriate transfer/deposit form to the 
National Giro Centre (UK) or to your national Giro Centre. 

Cheques and postal orders should be made payable to Elektor Electronics ~- 

(Publishing). Do not send cash through the mail. # 


Subscription conditions 

The standard subscription order period is twelve months. If a permanent change 
of address during the subscription period means that copies have to be 
despatched by a more expensive service, no extra charge will be made. 
Conversely, no refund will be made, nor expiry date extended, if a change of 
address allows the use of a cheaper service. 


current rates, must be supported by evidence of studentship signed by the head 
of the college, school or university faculty. A standard Student Subscription 
costs £31.60, a Student Subscription-Plus costs £37.60 (UK only). 


Please note that new subscriptions take about four weeks from receipt of order 
to become effective. 


Cancelled subscriptions will be subject to a charge of 25% (twenty-five per 
cent) of the full subscription price or £7.50, whichever is the higher, plus the 
cost of any issues already dispatched. Subsciptions cannot be cancelled after 
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Student applications, which qualify for a 20% (twenty per сет) reduction in ! 
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they have run for six months or more. ! 
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CD-ROMs also include а 
Workbench for computer sim 
projects. 

D Hektor 1996: Price £25.35 (USS 44.85) 
CO Elekter 1997: Price £25.35 (USS 44.85) 
CD Elektor 1998: Price £16.25 (USS 28.75) 
D Hektor 1999: Price £16.25 (USS 28.75) 
(D eter 2000: Price £16.25 (USS 28.75) 
D Hektor 2001: Price £16.25 (USS 28:75) 


Мн 2002: Price £16.25 (USS 28.75) 





A 


Ч hardware & softwere 97-98 

All the winning entries of the July/August 1997 
microprocessor competition: more than 100 designs 
RRP £14.95 (055 26.45) 


PC Software 98-99 

Winning entries from the July/August 1998 PC software 
competition. More than 70 prize-winning programs 
(005 and Windows). 

RRP £12.05 (055 21.25) 


Нийн |, 2&3 

Vol. 1:22 Elektor Electronics projects covering 
microprocessors, complete with text, circuit diagrams 
and PCB layouts in electronic format. 

RRP £21.15 (US$ 37.40) 


E: Router. | 
ERouter 2 


E-Router Vol. 2: 19 microprocessor-based construction projects, 
complete with text, circuit diagrams and PCB layouts in 
electronic format. 

RRP £21.15 (US$ 37.40) 








Vol. 3: 24 uP projects incl. text, PCB layouts and 
‘schematics in separate files for editing with EAGLE 3.5 
CAD software. Selected projects supplied with 
microcontroller source code files. 

RAP £21.15 (USS 37.40) 


The Audio Collection CD-ROM 

A unique CD-ROM for the true audio lover, containing 
no fewer than 75 audio. from Elektor 
Electronics magazi lumes 1995 through 1999. 
RRP £12.05 (US$ 21.25 











Datehbank Hektor IC datobesk 


Includes all important types of IC, such as HCMOS, 
„ CMOS, linear ICs, and many more. Detailed 
manufacturers’ data and application circuits. Multiple 

search routines. 
RAP £21.15 (USS 37.40) 


Datatieque 








diank 


databank 


X1 


KD — Hlekter’s Component базе 

F юйге databanks covering over 5,300 ICs, 
transistors, over 4,900 FETs, just 

000 codes, over 1,800 optocouples, 




















Hektor Electronics (Publishing) • P.O. Box 190 Tunbridge Wells 
TN5 7WY e England. Telephone +44 (0) 1580 200 657 © Fax +44 
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Elektor Electronics Digitol (гай есту (1-2-3) 

On velome 1 нэ 

Contains over 300 circuits complete with diagram алд 
text. Zoom and print module. Fast search faciity. Error- 
tolerant index search system. Many printed-circuit 
board layouts. 

RRP £12.05 (USS 21.25) 

On volume 2 

A second selection of over 300 circuits complete with 
багат and text 

RRP £12.05 (USS 2125) 


On volame 3 

A third selection of over 300 circuits complete with 
diagram and text. 

ВАР £12.05 (US$ 21.25) 


The Hektor Datasheet Collection, 

On Volume 1: 

Original and unabr datasheets, more than 300 ICs 
(74xx and 40x series), voltage regulators, linear ICs, 
miscellaneous. 

RAP £12.05 (USS 21.25) 


On Volane 2: 

Datasheets of more than 1000 discrete components: 
lowfhigh-power transistors, MOSFETs, thyristors, triacs, 
varactors, zener diodes, LED displays, 
RRP £12 05 (USS 21.25) 





Oa Volume 3: 

Datasheets of popular microcontrollers like the 8051 
series, PIC, ST6/7, AVR, СОР, 68НС05/08/11 and SX. 
Also the DSP2100 series. 

ВАР £12 05 (USS 21.25) 

On Volume 4: 


Datasheets of frequently used memory chips and 
modules. 
RRP £12.05 (US$ 21.25) 





On Volome 5: 

More than 400 datasheets covering microcontrollers 
from 4 to 32 bit, in 8-pin to 144 pin cases. 

RAP £12.05 (USS 21.25) 


A Deaan COON зу Авна ae aceti computes. 





Free & Shareware 2000-2003 

This series contains hundreds of freeware and 
shareware programs related (0 electronics. Interest 
fields include audio, components, test and 
measurement, development tools, simulation, CAD and 
RF systems. Applications vary from schematic capture 
including digital and analogue simulation right up to 
PCB design, complete with calculation tools 
microcontroller development tools. Depending on their 
origins the programs run under Windows, DOS and/or 
Linux. Each CD-ROM (except Volume 2000) contains a 
POF file with а clear overview of programs on the CD- 


RAP £12 05 (USS 21.25) per volume 







Siren 


Toobor 1 end? 

On these CD-ROMs you'll find collected information 
(Gatasheets and application notes) and 1005 (software) 
Considered indispensable when working with 


microcontrollers. 
RAP £12.05 (USS 21.25) per volume 


www.elektor- 
electronics.co.uk 





LINKS 


To book your website space contact Bernard Hubbard 


BETA LAYOUT 

WwwW.pcb-pool.com 

Beta layout Ltd Award- 

winning site in both English 

and German offers prototype 

PCBs at a fraction of the cost of the usual 
manufacturers' prices. 


BURN TECHNOLOGY LTD 
http://www.burntec.com 

Distributors of a wide range of device programmers, 
package adaptors, test and soldering equipment. 
Order online and get free delivery on all orders over 
£30.00. 


COMPUCUT 

hitp:/www.compucutters.com 

Computer Numerical Control from your home PC. 
Great for tricky jobs, and accurate repetitive 
work. We supply: - Software - Interface - Manual 
- Support 

Price £250 plus postage. 


CONFORD ELECTRONICS 
http://www.confordelec.co.uk 

Lightweight portable battery/mains audio units 
offering the highest technical performance. 
Microphone, Phantom Power and Headphone 
Amplifiers. Balanced/unbalanced signal lines with 
extensive RFI protection. 


CROWNHILL ASSOCIATES LTD 
http://Wwww.crownhill.co.uk 
tel 01353 666709 fax 01353 666710 
* Manufacturers of production 
quality device praogrammers 
* PIC Programmers 
* PIC Development tools 
* Manufacturers of Smart Cards 
* Smart Card Programmers 
* Design & Development Services 
Crownhill Associates Limited 
32 Broad Street Ely, Cambridge CB7 4AH 
Tel: 01353 666709 Fax: 01353 666710 


DANBURY ELECTRONICS 
htip://www.mc-h.demon.co.uk/transformers.html 
Here you will find our mains and output 
transformers in Mike Holme's range of valve/tube 
amplifiers (PP & SE). Also circuits, parts lists, 
chassis, advice. 


EASYSYNC 
http:/Awww.easysync.co.uk 
EasySync Ltd sells a wide 
range of single and multi- 
port USB to RS232/RS422 
and RS485 converters at 
competitive prices. 


ELM ELECTRONICS 
http://www.elmelectronics.com 

Offering a variety of unique and low cost 
integrated circuits for the experimenter. Secure 
ordering via the web site with worldwide shipping. 











ИТЕ ОУ ТИПИ Fax: оола (0)1242 226626 








ELNEC 

www.elnec.com 

* device programmer 
manufacturer 
selling through 
contracted distributors all over the world 
universal and dedicated device programmers 
excellent support and after sale support 
free SW updates 
once a months new SW release 
reliable HW 
three years warranty for most programmers 


ERVAN INTERNATIONAL Co. 
http//Awww.ervan-int.com 

Power Electronics and Solar Energy Design and 
Consultants. Also offers; 

Discount prices of: 

• Ultra Bright LEDs 

* PCB LED Cluster Kits 

* Laser Pointers 

* Solar Modules 

* Batteries 


FOREST ELECTRONIC 
DEVELOPMENT 


http://Awww.fored.co.uk 

FED supply PIC programmers, Basic modules, and 
development software including a PIC C Compiler, 
Prog ‘n Drop Visual Development and a well 
featured debugging environment. 


FUTURLEC 

http.//Awww.futurlec.com 

Save up to 60% on 

* Electronic Components 

* Microcontrollers, PIC, Atmel 

* Development Boards, Programmers 

Huge range of products available on-line for 
immediate delivery, at very competitive prices. 


FUTURE TECHNOLOGY DEVICES 
vw.ftdichip.com 

ur designs and sells. 

USB-UART and USB-FIFO 

interface 

Complete with PC drivers, 

these devices simplify the task of designing or 

upgrading peripherals to USB 


HAMMOND ELECTRONICS 
J/www.hammondmíg.com, 

sales@hammond-electronics.co.uk 

tel: 01256 812812. 

‘Small die-cast, plastic and 

metal enclosures for the 

hobbyist and 

professional. Widely 

available from major 

distributors. 





МОР ELECTRONICS 
http://www.mqpelectronics.co. uk 
Leaders in Device 
Programming Solutions. 
* Online shop 
* Low Cost Adapters for all 
Programmers 
* Single Site and Gang Programmers 
* Support for virtually any Programmable Device 


NEW WAVE CONCEPTS 
http:/Avww.new-wave-concepts.com 
Software for hobbyists: 
Livewire circuit simulation 

software, only £29.36 
* PCB Wizard circuit design software, only £29.36 
Available from all Maplin Electronics stores and 
www.maplin.co.uk 


PICBASIC 
http://www.picbasic.co.uk 
* Pic basic & Pic Basic Pro 
* Fast efficient powerful 
compilers 
* Parallax stamp 
compatible code 
* Write in basic-compile to 
hex 
* 12c, 14c, 16с() алд 17c pic's 


POND ELECTRONICS 
http://www.pond.ie 

tel +353-1-821-5060 

fax +353-1-820-9384 
Innovative systems for PIC 
development & embedded 
applications. 

* pFlash876 

* PIC C Compilers & Programmers 
* MicroStack • Basic Stamp 

* Custom development Service 


QUASAR ELECTRONICS 
wvaw.QuasarElectronics.com 

Over 300 electronic kits, 

projects and ready built units 

for hobby, education and 

industrial applications 

including PIC/ATMEL 

programming solutions. Online ordering facilities. 
Tel: +44 (0) 870 246 1826 

Fax: +44 (0) 870 460 1045 

Email: sales@QuasarElectronics.com 


ROBOT ELECTRONICS 

hitp://www.robot-electronics.co.uk 

* Ultrasonic rangefinders 

* Motor H-Bridge controllers 

* Magnetic Compasses 

* RC servos and controllers 

* PIC programmers and 
components 

* Electronic Design/Development and 
Manufacturer to industry 
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SPICEAGE AND SPICYCLE 
http://www.spiceage.com 
Spicycle circuit design 
program (schematic 
drawing, well-featured 
PCB drawing, SpiceAge 
simulation). SuperFilter 
digital and analogue 

filter synthesis and 
optimisation. The World is geting 
Download a free working "7 
evaluation and enjoy software renowned for 
its high quality at prices that make it seem 
like Christmas all year round. 

Make contact with Those Engineers (020 
8906 0155), real engineers, who will 
understand your needs. 


PROMOTE YOUR 
WEBSITE HERE 


Elektor Electronics have a feature to help customers to promote their websites, Net Links - a 
permanent feature of the magazine where you will be able to highlight your site on a regular 
basis. 

































* For just £120 + VAT (£10.90 per issue for eleven issues) Elektor will publish your company 
name, a 25-word description and your website address. 

* For £300 + VAT for the year (£27.27 per issue for eleven issues) we will publish the above 
plus run a 3cm deep full colour screen shot from your site. 

Places are limited and spaces will go on a strictly first come, first served basis, please fax back 

your order today! 


ce] 


I wish to promote my company, please book my space: 







TECHNOBOTS * Text insertion only for #120 + VAT * Text and photo for £300 + VAT 
http://www.technobots.co.uk m 

Welcome to Technobots - DRGRNISETION 

the one stop shop 


especially for the remote 
operated robot builder, 
radio control and engineering hobbyist. 


TELNET 

http://www.telnet.uk.com ia 
The site shows graphically 

Telnets wide range of 

quality second-user test ТЕГҮ 

and measurement 
equipment, including 


oscilloscopes and spectrum = 


analysers. 


ULTRALEDS 

http://www.ultraleds.co.uk 

tel: 0871 7110413 

Large range of low cost Ultra bright leds and 
Led related lighting products. 

Major credit cards taken online with same day 
depatch. 


USB INSTRUMENTS 
http://www.usb-instruments.com 
USB Instruments 

specialises in PC based 








BACK TO 00-44-(0)1242 226626 
COMPANY NAME 
WEB ADDRESS. 


25-WORD DESCRIPTION 
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Only one magazine 
tests its projects and 
circuits in its own 

lab beforepublication - 


ELEKTOR ELECTRONIC 






instrumentation products 

and software such as 
Oscilloscopes, Data 

Loggers, Logic Analaysers == 
which interface to your PC via USB. 





VIEWCOM 

http://www.viewcom.f9.co.uk 

tel: 020 8471 9338 

fax: 020 8552 0946 

* Mail Order supplier of: 

* Integrated Circuits and Components. 

» Kit and parts for Elektor projects. 

» Transistors, FETs, Capacitors, Resistors, 
Crystals, etc and hard to find devices. 

Viewcom Electronics, 77 Upperton Road West, 

Plaistow, London E13 9LT 


THE ELECTRONICS & COMPUTER MAGAZINE 







Contact: Worldwide Subscription Service Ltd, 
Unit 4 Gibbs Reed Farm, Pashley Road, 
Ticehurst TN5 7HE 
Telephone: (+44) (0) 1580 200657 
Fax: (444) (0) 1580 200616 
Or visit our Website: 
www.elektor-electronics.co.uk 
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Start DEVELOPING WITH CPLDS 









This article kicks off a short series covering professional applica- 
tions of CPLDs (Complex Programmable Logic Devices). In true 
Elektor style we start with a hands-on example: a digital rev 
counter based on a CPLD type 7128s from Altera. 





Smmpce 12-To-230V 
















IACCESS INTELLIGENT ACCESS 


CONTROL SYSTEM 
Using I-Button devices from Dallas as the key com- 








ponents (pun intended) we developed an access system to help you protect your 
home. The system allows two entrances to be separately protected. In addition SMD Valentine Heart, 
to a door opener driver there are also a couple of relay outputs. The system is 
controlled using an LC display or a remote PC (connected up via RS232). The | 
serial link also allows the access sequence to be given a certain protocol. | 


POWER INVERTER 


This tried and tested, short-cir- 
cuit proof inverter employs a 
dead normal toroidal mains 
transformer and offers a lot of 
power given its low complexity | 
and minimum component use. 


ALSO... 
PIC Based Digital Alarm Clock, 





Bascom AVR, 
Touch-Controlled Switch, 
Battery Polarity Protection. 





RESERVE YOUR COPY NOW! 


The February 2004 issue goes on sale on Friday 23 january 2004 (UK distribution only). 


Article titles and magazine contents subject to change. 


UK subscribers will receive the magazine a few days before this date. 








NEWSAGENTS ORDER FORM 
SHOP SAVE / HOME DELIVERY 


Please save / deliver one copy of Elektor Electronics magazine for me each month 


Name: 
Address: 
Post code: 
Telephone: 


Date: 
Signature: 
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THE ELECTRONICS & COMPUTER MAGAZINE 


Please cut out or photocopy this form, com- 
plete details and hand to your newsagent. 
Elektor Electronics is published on the third. 
Friday of each month, except in July. — ^ ~ 
Distribution S.O.R. by Seymour (NS). 
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ADVERTISING SPACE for the issue of 17 Febery 2004 may be reserved 

not later than 21 January 2004 with Elektor Electronics (Publishing) Advertisement Office — 
3 Crescent Terrace — Cheltenham 6150 3PE — England — Telephone 01242 510 760 – 

Fax 01242 226 626 — e-mail: bernardhubbard co.uk to whom ай correspondence, 
copy instructions and artwork should be addressed. 
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The universal I/O solution 


DataStation's 16 configurable 
channels provide 391 
different I/O configurations 
and 2500 samples per 
second, allowing it to 
adapt to virtually any 
application. 


With up to: 

* 6 Analogue Inputs 

* Selectable ADC 
resolution 

* 2 PWM Outputs 

* 16 Digital Inputs 


ФФффофооеф ә 


• 16 Digital Outputs 
* RS-232 interface 


Typical Applications: 

* Machine control 

* Industrial automation 

* Environmental monitoring 
* Robotics 


This unrivalled flexibility allows 
designers to meet the needs of most 
applications with just one product, 

reducing development costs and £89.00 
EMEND E ХАД" plus 
time-to-market significantly. 


(OEM pricing available) 


Unit F2b, Avonside Business Park, 
New Broughton Road, Melksham, 
19) bservant Wiltshire. SN12 8BS. U.K. 
= га = Telephone: 01225 704631 
1 Electronics Limited Facsimile: 01225 708618 
ә 


www.ObservantWorld.com 
Email: enquiries@ObservantWorld.com 








Autotra ах” 


Electronic Design Automatio 














Schematic Capture 
SPICE Simulation 
PCB Layout 
Auto-Layout/Router 
3D PCB Visualization 
Database Support eve 
мн шин Ac 


Only £57 


: = offer ends 30/1/04 
эше E 


ПГТ 
ug 01 
= Wesesss 


f| € Drag and drop parts onto your schematic. 

© Connect them together. 

© Add virtual instruments such as scopes and 
function generators. 

ө Use the PCB design wizard to create your PCB. 

ө Autolayout and autoroute the board. 

9 View the board in 3D. 

© Output to Gerber and AutoCAD/Solidworks. 


Over 3 0, 000 user S To find out more go to www.autotraxEDA.com 


Full version FREE to full time-students and schools/colleges (no limits) 


Free version available for small scale projects. (pin limited) 






Why wait? Download AutoTRAX ЕРА NOW! 


ш 
It just gets better 


www.autotraxEDA.com 





